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I. REAL PARTY IN INTEREST 

The real party in interest is The Board of Trustees of the Leland Stanford Junior University 
(Assignee) by virtue of an assignment executed by the inventors (Appellants) to The Board of 
Trustees of the Leland Stanford Junior University recorded by the Assignment Branch of the U.S. 
Patent and Trademark Office on April 27, 2001 at Reel 01 1771 and Frame 0601 . 

II. RELATED APPEALS AND INTERFERENCES 

Appellants are unaware of any related appeals or interferences. 

III. STATUS OF CLAIMS 

The present application was filed on April 27, 2001 with original claims 1-14 pending. 
Following the Restriction Requirement of October 2, 2002, claims 3, 11 and 14 were withdrawn 
from consideration. In Applicants response of June 6, 2003, claims 4, 5 and 9 were cancelled. In 
Applicants response of December 19, 2003, claims 3, 11 and 14 were cancelled. In Applicants 
response of March 24, 2006, claim 2 was cancelled and claims 15-22 were added. In Applicants 
response of May 5, 2006, claims 1, 6-8, 10, 12 and 13 were cancelled. In Applicants response of 
October 20, 2006, claims 23-26 were added. 

The rejections of claims 15-26 are being appealed. 

IV. STATUS OF AMENDMENTS 

Appellants have submitted no amendments after the non-final Office Action of February 6, 
2008. All amendments prior to filing the Notice of Appeal were entered. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed subject matter in this appeal relates to novel methods to treat systemic lupus 
erythematosus in a human patient with a CD Id blocking antibody. 
Claim 15 

The subject matter claimed in independent claim 15 is a method of treating systemic lupus 
erythematosus in a human patient comprising administering an effective dose of a CD Id blocking 
antibody. 
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Support for a method of treating systemic lupus erythematosus in a human patient is found in 
the specification at least in paragraphs 0001-0007, 0051, and 0061 ; and claim 2 as originally filed. 

Support for administering to said patient an effective dose of a CD Id blocking antibody is 
found at least in the specification in paragraphs 0031-0033, 0035, 0059, 0063, and 0065; and claim 1 
as originally filed. 

Support for said effective dose treating said systemic lupus erythematosus in said human 
patient is found at least in paragraphs 0087, 0088, and 0095. 
Claim 23 

The subject matter claimed in independent claim 23 is a method of treating systemic lupus 
erythematosus in a human patient comprising administering to said patient an effective dose of a 
CD Id blocking antibody and wherein, the effective dose is sufficient to inhibit a pathological 
polyclonal B cell activation or class switching. 

Support for a method of treating systemic lupus erythematosus in a human patient is found in 
the specification at least in paragraphs 0001-0007, 0051, and 0061 ; and claim 2 as originally filed. 

Support for administering to said patient an effective dose of a CD Id blocking antibody is 
found at least in the specification in paragraphs 0031-0033, 0035, 0059, 0063, and 0065; and claim 1 
as originally filed. 

Support for said effective dose treating said systemic lupus erythematosus in said human 
patient is found at least in paragraphs 0087, 0088, and 0095. 

Support for the inhibition of pathologic polyclonal B cell activation or class switching is 
found in at least the Title, Abstract, paragraphs 0001, 0007, 0012, 0018, 0022, and 0088; Figure 5; 
and claims 1 and 2 as originally filed. 

Claim 24 

The subject matter claimed in independent claim 24 recites a method of treating systemic 
lupus erythematosus in a human patient comprising administering to said patient an effective dose of 
a CD Id blocking antibody, wherein the effective dose is sufficient to reduce proteinuria. 

Support for a method of treating systemic lupus erythematosus in a human patient is found in 
the specification at least in paragraphs 0001-0007, 0051, and 0061; and claim 2 as originally filed. 
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Support for administering to said patient an effective dose of a CD Id blocking antibody is 
found at least in the specification in paragraphs 0031-0033, 0035, 0059, 0063, and 0065; and claim 1 
as originally filed. 

Support for said effective dose treating said systemic lupus erythematosus in said human 
patient is found at least in paragraphs 0087, 0088, and 0095. 

Support for delaying the onset of proteinuria is found at least in paragraphs 0012, 0018, 
0067, and 0088; and in Figure 5. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Appellants respectfully request the Board of Patent Appeals and Interferences to review the 
following grounds of rejection on appeal: 

1 . Whether claim 22 complies with the written description requirement under 35 U.S.C. 1 12, 
first paragraph. 

2. Whether claims 15-20 and 23-26 are patentable under 35 U.S.C. 103(a) over Amano et al. J. 
Immunol. 1998, 161: 1710-17 ("Amano"), in view of Kotzin, Cell, 1996; 85: 303-306 
("Kotzin"), Zeng et al., J, Exp. Med. 1998, 187:525-36 ("Zeng"), Blumberg et al., Immunol. 
Rev. 1995, 147:5-29 ("Blumberg) and Hughes, Drug Discov. Today, 1998; 3(10):439-42 
("Hughes"). 

3. Whether claims 21 and 22 are patentable under 35 U.S.C. 103(a) over Amano in view of 
Kotzin, Zeng, Blumberg, Hughes and Merck Manual, 1992, 16 th Edition, pages 1317-21 
("Merck Manual"). 

4. Whether claims 15-26 are patentable under 35 U.S.C. 103(a) Amano in view of Kotzin, 
Zeng, U.S. Patent No. 6,531,453 (the '453 patent), Blumberg and Hughes. 

5. Whether claims 15-26 are patentable under 35 U.S.C. 103(a) Amano in view of Kotzin, 
Zeng, the '453 patent, Blumberg, Hughes and the Merck Manual. 

VII. APPEL ANTS' ARGUMENTS 

Appellants respectfully submit that the specification provides sufficient written description 
for claim 22. In addition, Applicants respectfully submit that claims 15-26 are in proper form and 
are patentable over the prior art of record. 
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1. Claim 22 Complies with the Written Description Requirement Under 35 U.S.C. § 
112, First Paragraph with Respect to an Immunomodulating Drug 

The Examiner has rejected claim 22 as lacking sufficient written description. Claim 22 is 
directed to a method of treating systemic lupus erythematosus in a human patient comprising 
administering to the patient an effective dose of a CD Id blocking antibody and a second therapeutic 
agent for treatment of systemic lupus erythematosus, wherein the second therapeutic agent is a non- 
steroidal anti-inflammatory drug, corticosteroid, immunomodulating drug and/or an anticoagulant. 

Claim 22 complies with 35 U.S.C. § 112, first paragraph, because the specification provides 
sufficient written description with respect to an immunomodulating drug. An objective standard for 
determining compliance with the written description requirement is, "does the description clearly 
allow persons of ordinary skill in the art to recognize that he or she invented what is claimed." In re 
Gosteli, 872 F.2d 1008, 1012, 10 USPQ2d 1614, 1618 (Fed. Cir. 1989). Under Vas-Cath, Inc. v. 
Mahurkar, 935 F.2d 1555, 1563-64, 19 USPQ2d 1111, 1117 (Fed. Cir. 1991), to satisfy the written 
description requirement, an applicant must convey with reasonable clarity to those skilled in the art 
that, as of the filing date sought, he or she was in possession of the invention, and that the invention, 
in that context, is whatever is now claimed. An applicant shows possession of the claimed invention 
by describing the claimed invention with all of its limitations. Lockwood v. American Airlines Inc. 
(CA FC) 41 USPQ2d 1961 (at 1966). 

Furthermore, what is conventional or well known to one of ordinary skill in the art need not 
be disclosed in detail. See Hybritech Inc. v. Monoclonal Antibodies, Inc., 802 F.2d at 1384, 231 
USPQ at 94; See also, Capon v. Eshhar, 418 F.3d 1349, 1357, 76 USPQ2d 1078, 1085 (Fed. Cir. 
2005)("The 'written description' requirement must be applied in the context of the particular 
invention and the state of the knowledge.... As each field evolves, the balance also evolves between 
what is known and what is added by each inventive contribution."). If a skilled artisan would have 
understood the inventor to be in possession of the claimed invention at the time of filing, even if 
every nuance of the claims is not explicitly described in the specification, then the adequate 
description requirement is met. See, e.g., Vas-Cath, 935 F.2d at 1563, 19 USPQ2d at 1 1 16; Martin v. 
Johnson, 454 F.2d 746, 751, 172 USPQ 391, 395 (CCPA 1972) (stating "the description need not be 
in ipsis verbis [i.e., "in the same words"] to be sufficient"). 
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In the instant case, the Examiner appears to take issue with the claim element "immuno- 
modulating drug". In particular, the Examiner asserts that "[t]he species of immunomodulating 
drugs disclosed in the instant specification have different structures and mechanisms of action. The 
specification does not disclose a structure/function relationship for immmunomodulating drugs that 
modulate some aspect of an immune response that alleviate symptoms of lupus and work in tandem 
with CD ld-blocking antibody." (Office Action, page 3, paragraph 4). The Examiner further asserts 
that the specification does not disclose any other drugs besides the "six drugs that are immuno- 
modulating drugs" (i.e., methotrexate, cyclosporine, chloroquine, hydroxycloroquine, azathioprine 
and cyclophosphamide). OA, p. 3, last paragraph. 

It is respectfully pointed out that the Examiner's concern with structure to function 
relationship is misplaced and incorrect. First, the structure to function correlation of an 
immunomodulatory agent is sufficiently disclosed. Second, one of ordinary skill in the art would 
understand the plain meaning of immunomodulatory agent in terms of treating lupus. Third, the 
specification provides additional examples beyond the purported six on which the Examiner focuses. 
Fourth, one of skill would recognize what are immunomodulating agents based on conventional 
knowledge in the relevant art. 

Indeed with respect to the foregoing points, the specification explicitly teaches (page 2, 
paragraph 0006): 

A variety of biologic agents are under investigation as potential treatments for SLE. 
These products are designed to specifically interfere with immunologic processes, 
including T cell activation; T cell-B cell collaboration; production of antidouble- 
stranded DNA antibodies; deposition of anti-double-stranded DNA antibody 
complexes; complement activation, and immune complex deposition and cytokine 
activation and modulation. More aggressive interventions include gene therapy and 
stem cell transplantation. Immunomodulatory agents recently tested include 
thalidomide, AS101,2 f chlordeoxyadenosine, mycophenolate mofetil, and 
bindarit. Additional pharmaceutical treatments include the mild androgen 
dehydroepiandrosterone, selective estrogen receptor modulators, and the prolactin 
inhibitor, bromocriptine, (emphasis added) 

The specification, at least as illustrated by the foregoing disclosure, provides 
various aspects of the immune reaction that can be modulated by immunomodulatory 
agents, including T cell activation, T cell-B cell collaboration or complement activation to 
name a few. One of skill would recognize and readily be able to identify 
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immunomodulatory agents that function in the preceding manner. Furthermore, upon 
reading the entirety of the instant specification, one of ordinary skill in the art would 
comprehend that "immunomodulatory agents" are in the context of treating lupus. In 
addition, as the exemplary disclosure above makes clear, the Examiner has overlooked and 
clearly missed entire portions of the specification which disclose and characterize 
immunomodulatory agents (i.e., more than the six the Examiner purports). Moreover, the 
Examiner has clearly failed to appreciate immunomodulatory agents which are known and 
conventional in the relevant art (e.g., thalidomide, AS101,2' chlordeoxyadenosine, 
mycophenolate mofetil, and bindarit). Furthermore, with a basic understanding of 
immunomodulatory agents known in the art, and upon reading the instant disclosure, one or 
ordinary skill in the art would immediately appreciate the claimed method of treating lupus 
with the CD1 d blocking antibody and immunomodulatory agent. 

In sum, claim 22 is sufficiently described in the instant specification. The Examiner 
has erred in the rejection and it is respectfully requested that the rejection be reversed. 

THE EXAMINER ERRED IN REJECTING CLAIMS 15-26 AS UNPATENTABLE 
UNDER 35 U.S.C.'§ 103(a) 

The Examiner has rejected claims 15-26 as being obvious over a combination of five to 
seven references applied in four separate rejections under 35 U.S.C. § 103(a), each of which is 
addressed in turn below. 

In order to establish a prima facie case of obviousness, the Examiner must demonstrate that 
the prior art (i) teaches or suggests every claim limitation, (ii) provides a motivation to combine (or 
modify) the teachings of the selected references, and (iii) provides a reasonable expectation of 
success. In re Vaeck, 947 F.2d 488,20 USPQ2d 1438 (Fed. Cir. 1991); MPEP § 2143. Rejections on 
obviousness grounds cannot be sustained by mere conclusory statements; instead, "there must be 
some articulated reasoning with some rational underpinning to support the legal conclusion of 
obviousness". KSR Int 7 Co. v. Tele/lex Inc., 127 S.Ct. 1727, 1741 (2007) (quoting In re Kahn, 441 
F.3d 977, 988, 78 USPQ2d 1329, 1336 (Fed. Cir. 2006)). Thus, in order to establish a prima facie 
case of obviousness, it is necessary for the Examiner to identify the reasons why a person of ordinary 
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skill in the art would have combined the prior art elements in the manner claimed. Moreover, it is 
improper for the Examiner to use the claimed invention as a blueprint for abstracting individual 
teachings from the cited references, as this is not a proper basis for an art-based rejection. Ashland 
Oil Inc. v. Delta Resins & Refractories Inc., 776 F2d 281, 297 (Fed. Cir. 1985). 

The Examiner has abstracted together individual teachings from the cited references, which 
simply cannot be combined to arrive at the claimed subject matter. Applicants respectfully submit 
that there is no motivation to combine the teachings cited by the Examiner in a manner that results in 
Applicant's claimed invention. 

2. Claims 15-20 and 23-26 are patentable under 35 U.S.C. 103(a) over Amano, in view 

of Kotzin, Zeng, Blumberg and Hughes. 

The Applicants' claims are directed to a method of treating lupus in a human patient by 
administering CD Id blocking antibody. In the Office Action mailed February 06, 2008 (hereinafter 
"Office Action"), the Examiner provides a combination of various disclosures of the cited references 
Amano, Kotzin, Zeng, Blumberg and Hughes, but without any real cogent basis as to why one of 
skill would be led to combine the various individual teachings to arrive at the claimed process, 
a) Summary of Cited Art 

The primary reference, Amano, discusses T cells that carry the Vp9, V(y4.4 T cell receptor 
(TCR). More particularly, Amano discloses that CD1 expression defines subsets of follicular and 
marginal zone B cells in the spleen and that such B cells may be a critical site for interactions 
between T and B cells for certain subsets of microbial antigens. The reference does not teach or 
suggest treatment of lupus as in the claimed subject matter. A more complete discussion of this and 
additional references can be found in the following explanations of why the claimed inventions 
would not have been obvious from the combined prior art. 

i. Amano does not render the claimed invention obvious 

The Examiner asserts in salient part the following: (1) Amano allegedly teaches that the 
interaction between anti-CD 1 T cells and B cells leads to mutual activation of both cell types that 
results in hypergammaglobulinemia and systemic autoimmunity via CD1 cross-linking resulting in 
secretion of IgM and IgG. (Office Action, page 4, last paragraph); (2) Amano allegedly teaches that 
T cell proliferation of a CD 1 -restricted T cell clone in response to CDl-transfected B cells could be 
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blocked by use of an anti-CDld monoclonal antibody ("mAb"). Id.; and (3) Amano allegedly 
teaches that CD1 appears to be recognized by a T cell subset which has a restricted TCR repertoire 
that is made up predominantly of an invariant rearrangement of the V a 14J ^281 associated with V $2, 
V ^7, V ^8 receptors, and that T cells that do not express NK1.1 marker or V a 14 TCR are able to 
recognize CD1 on syngenic antigen presenting cells. The Examiner also asserts that Amano does 
"not teach the claimed method of treating pathogenic polyclonal B cell activation or class switching, 
including that resulting in lupus (SLE), in a human patient, comprising administering a CD1 [CD Id] 
blocking agent that is an antibody, including a monoclonal antibody." Office Action, p. 5. 

The Examiner essentially provides a listing of various alleged disclosures by Amano without 
any conclusion or rationale as to how such assertions, even if correct, would render the claimed 
invention unpatentable. Indeed, the teachings whether alone or combined with the other cited art 
cannot lead to the claimed invention, because Amano do not provide a reasonable expectation of 
success or an adequate level of predictability to administer anti-CDld antibody to treat lupus. 

The Amano reference provides an in vitro experimental model which is an absolutely 
artificial system that uses one T cell line that is genetically engineered to express a receptor that 
recognizes CD1. Put another way, 100% of the cells have a receptor that they would not normally 
have and which does not occur in a native in vivo system (e.g., subject or patient). Furthermore, 
Amano demonstrate that this T cell line proliferates in response to exposure to the CD Id expressed 
on the surface of B cells. In contrast, with lupus, it is the proliferation of B cells and the secretion of 
antibodies coupled with the later switching of antibody class that form the hallmarks of the disease. 
None of these phenomena are demonstrated or even suggested by the Amano reference. The 
demonstration of inhibition of T cell proliferation with an anti-CDld antibody in Amano of does not 
teach or suggest the use of this antibody to treat lupus since there is no demonstration or suggestion 
that NKT cells, let alone T cells, can stimulate the proliferation of B cells. With no demonstration or 
suggestion that this interaction occurs, there can be no suggestion that it is beneficial to block the 
interaction to prevent B cell proliferation. 

Additionally, at the time of invention, it was known that deletion of CD4 + T cells, a much 
larger cell population then NKT cells, effectively treats disease. Knowing this fact, a person of skill 
would not be led to believe that lupus could be treated by targeting a small cell population like the 3- 



3821642 l.DOC 



9 



WSGR Docket No. 3 1 580-702.20 1 



AMENDED APPELLANT'S BRIEF UNDER 37 C.F.R. §41.37 
U.S. Appln. No. 09/844,544; Filed on November 16, 2009 
Docket No. 31580-702.201 

4% in mice or the 0.1% in humans that NKT cells represent out of the total T cell population. 
Instead, a person of skill would retain the commonly held believe that another, larger cell population 
was involved in the etiology of lupus and would not look upon the results of Amano with any 
expectation of success, particularly since Amano does not demonstrate that NKT cells or even T 
cells stimulate B cells to proliferate, secrete antibodies and to later undergo class switching. 

The alleged interaction between anti-CD 1 T cells ; and B cells that leads to mutual activation 
of both cell types with resultant hypergammaglobulinemia and systemic autoimmunity is attributed 
by Amano to Zeng and will be addressed in section l.a.ii. below. 

Moreover, even assuming arguendo that Amano when combined with Zeng suggest that 
CD Id is implicated in SLE, this would not rise to the level of suggesting that blocking CD Id would 
be effective in treating the disease. 

ii. Zeng in view of Amano does not render the claimed invention obvious 

As with Amano, the secondary reference Zeng also discusses an artificial system, this time 
consisting of a transgenic mouse model where all the T cells carry the V^, V<fiA T cell receptor 
(TCR). Furthermore, Zeng teaches that subsets of transplanted transgenic T cells that recognize 
CD1 may either induce or prevent murine lupus in recipient mice, thus explicitly outlining the 
unpredictability associated with T cell involvement. Zeng also discloses using anti-CD Id antibody 
for isolation of an IgM fraction from anti-CD 1 hybridoma supernatants. 

Further unpredictability of the references is demonstrate by the fact that when the V$9, V^4.4 
receptor from Amano is expressed as a transgene in Zeng, two types of T cells were created. One 
transgenic mouse had T cells with single positive cells (CD4+CD8- or CD4-CD8+), while a second 
transgenic mouse had double negative cells (CD4-CD8-) like those in Amano. Zeng found that the 
injection of the double negative cells were protective of disease, while the single positive cells, 
which do not correspond to the original cell type, caused a disease phenotype. A person of skill in 
the art when presented with this data would be confused as to the relevance of the interaction 
between T cells and B cells since these are two examples of T cells with the same receptor producing 
contradictory results in the same model. 

In contrast, Applicant used a non-genetically engineered, hereditary model of lupus where 
NKT cells are present at about 3-4% of CD4+ T cell populations. Applicant further demonstrated 
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that these CD1 reactive cells (NKT cells) are involved in mediating lupus and that blocking CD Id 
ameliorates disease. Furthermore, in contrast to the artificial model provided in Amano and Zeng, 
Applicant shows that by administering anti-CDld antibody, onset of disease (e.g., proteinuria) is 
delayed and survival is prolonged. Without an understanding that NKT cells mediate disease, one 
would simply not apprehend the disclosure of Amano and Zeng (below) to suggest with any 
reasonable predictability the treatment of lupus by administration of anti-CDld antibody. 
Furthermore, in the transgenic mice, the receptor for CD Id is found on all the T cells, while 
conversely it is only present on about 0.1% of the greater T cell population (i.e., NKT cells) in 
humans. As such, at the time of invention, one would not reasonably extrapolate from the results 
seen with the universal expression of the CD Id receptor in Amano and Zeng, to the treatment of 
humans with an anti-CDld antibody with any expectation of success given the exceedingly small 
prevalence of NKT cells in humans. 

iii. Kotzin alone or in combination with any of the cited prior art does not render the 
claimed invention obvious 

The tertiary reference Kotzin is a review article which discusses production of IgG 
autoantibody production in SLE. The Examiner asserts that Kotzin allegedly teaches IgG 
autoantibody production in SLE by clonal expansion of somatically mutated anti-DNA antibody- 
producing B cells. Office Action, p. 5. Furthermore, the Examiner asserts that Kotzin teaches that 
IgG antibodies to ds-DNA appear to play a role in immune complex glomerulonephritis of SLE. In 
sum, it is unclear what the Examiner's reasoning is in citing Kotzin and how or for what reason one 
of skill at the time of invention would view Kotzin as suggestive to administer any antibody, save 
anti-CDld, to treat lupus. Here, as with Amano and Zeng, the Examiner merely recites every 
purported disclosure of the cited reference without establishing any nexus between the teachings or 
articulating a reasonable basis for arriving at the claimed invention. 

The additional references Blumberg and Hughes, respectively, discuss cell 
selection/identification using various CD1 antibodies and the concept of humanizing monoclonal 
antibodies generally, and therefore, do not provide a rationale for using the anti-CDld antibodies in 
treatment of lupus. The references do not cure the deficiencies of the other references used in the 
rejection. 
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b) Examiner's Rationale 

The Examiner's conclusion is recited as follows (OA, page 7): 

It would have been prima facie obvious to one of ordinary skill in the art 
at the time the invention was made to have used the anti-CD Id mAB 
taught by Zeng et al or Amano et al the anti-CD Id antibodies taught by 
Blumberg et al to block CD1 recognition by T cells as taught by Amano et- 
al by administration of antibodies to human patients with SLE, and hence 
to treat pathogenic polyclonal B cell activation or class switching taught 
by Kotzin et al, including with humanized versions of the said antibodies 
as taught by Hughes for human patients with autoimmune diseases, and 
including by the intravenous (IV) route of administration of T cells by 
Zeng et al. One of ordinary skill in the art at the time the invention was 
made would have been motivated to do this to treat pathogenic polyclonal 
B cell activation or class switching in a patient with SLE with a reasonable 
certainty of success because... [OA, pages 7-8 omitted]. 

In reviewing the foregoing recitation, as well as the omitted sections provided in two full 
pages (OA, pages 7-8), there is no reasoned basis or sufficient rationale provided as to why the 
recited disclosures should be combined, and even if combined how one of skill would arrive at the 
claimed invention. It is apparent that the Examiner is improperly abstracting individual teachings of 
the cited references based on the Applicant's invention. In the explanation of what the references 
teach and what would have been obvious, the Examiner provides an inventory of virtually every 
disclosure in the cited references. OA, pages 4-7. This extensive listing actually reinforces the non- 
obviousness of the claimed inventions. As to the claimed methods, it appears the Examiner is 
primarily relying on the Amano, Zeng and Kotzin references; a summary of the alleged teachings of 
these references is provided above. 

The Examiner asserts that Amano does not teach treating pathogenic polyclonal B cell 
activation or class switching, through administration of a CD1 blocking antibody. OA, page 5, 
second full paragraph. The Examiner also asserts that Kotzin discloses clonal expansion of B cells 
producing IgG autoantibody, which mimics normal T cell dependent response to foreign antigen, 
involving common mechanisms of affinity maturation and IgM to IgG class switching. OA, page 5, 
third paragraph. The Examiner appears to be alleging that because Amano and Zeng allegedly 
disclose T cell-B cell interaction through CD1, and Kotzin allegedly discloses involvement of B cell 
class switching in lupus, then it would have been obvious to treat lupus by administering anti-CD Id 
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antibody to a human subject. However, such construction is necessarily built on improper hindsight 
reasoning, because at the time of invention the prior art held the misconstrued view that CD4 + helper 
T cell involvement induced B cell activation (or proliferation) or class switching, {infra, Swain, SL 5 
1983; Swain et al. 1984; Wofsy and Seaman, 1985), Moreover, none of the references actually 
show any treatment of lupus and one would not have ay expectation of success from the combined 
teachings of the references. 

As further explained in the discussion below, the combination of references is both improper 
and would not have led one of ordinary skill in the art at the time of invention to consider CD Id 
antibody therapy for lupus. 

c) Combination of Cited References Does Not Lead to Claimed Invention 

The claimed subject matter is not rendered obvious by the cited prior art because at the time 
of the invention, the collective view held that it was the interaction of CD4 + helper T cells with B 
cells that induced B cells to proliferate, secrete autoantibodies and undergo class switching from 
IgM to IgG. See Swain SL. Immunol. Rev. 74:129, 1983; and Swain et al. J. Immunol. 132:1118- 
23, 1984. This teaching away was reinforced by the demonstration that depletion of CD4 + helper T 
cells with anti-CD4 mAb ameliorated lupus in the hereditary murine model NZB/NZW Fl. See 
Wofsy D, and Seaman SE. J. Exp. Med., 161:378-91, 1985. 

In other words, CD Id and NKT cells as disclosed in the instant specification were not 
believed to be involved in the etiology of lupus. Thus, the prior art taught away from Applicant's 
discovery that CD Id and NKT cells are important effectors in the etiology of lupus. 

The claims are directed to a method of treating a human patient by administering a CD Id 

blocking antibody, which inhibits pathological polyclonal B cell activation or class switching (e.g., 

claim 16). The fact of the matter is that none of the cited references show or suggest treating lupus 

by administering CD1 blocking antibody. The Examiner misapprehends either what is encompassed 

by the instant claims or what Amano - the primary reference - teaches. For example, the Examiner 

states (emphasis added): 

Applicant argues that Zeng does not teach the role of NK T cells in lupus 
because the experiments (Amano and Zeng) did not study NK T cells, the 
arguments based on upon the assertion that the transgenic mouse model 
used carried the Va4.4 TCR, but that NK T cells express Val4 TCR. 
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Applicant further argues that it would not have been predictable that 
spontaneous lupus found in NZB/NZW mice that express Vocl4 TCR 
(Applicant's model) could be treated with an anti-CD Id antibody. 
However, Amano et al teach that the Va4.4 T cell clone proliferates in 
response to CDl-transfected B cells, that this proliferation is blocked 
by an anti-CDld mAb, and that this T cell clone can induce lupus. 

More particularly, as underscored by the highlighted portion above, and acknowledged by the 
Examiner, Amano did not demonstrate that a T cell clone could induce the proliferation of B cells, B 
cell activation with the resultant secretion of antibodies or class switching of antibody type from 
IgM to IgG. See page 1714, 2 nd column, 1 st paragraph under heading T cell recognition of CD1 is 
not associated with &m. Instead, Amano demonstrated the opposite result by showing that a 
transgenically derived T cell clone, V/39/Vg4.4, vigorously proliferated in response to a CDl- 
transfected B cell line. 

In addition, there is no reason to generalize that one CD Id recognizing T cell clone that 
induces lupus shows or implies that all CD Id recognizing T cells will induce lupus. In fact, Zeng 
teaches that CD Id recognizing transgenic T cells can induce or suppress lupus depending on the 
tissue of origin and the cytokine secretion pattern. Furthermore, the finding that one CD Id 
recognizing T cell clone can induce lupus does not teach whether the considerably more numerous 
MHC recognizing CD4+ T cells will induce lupus also. Lupus induction by these MHC 
recognizing T cells would not be expected to be blocked by anti-CDld monoclonal antibody. 
Therefore, Zeng does not teach that all CD Id recognizing T cells induce lupus or that MHC 
recognizing T cells do not induce lupus or that any T cell that induces lupus can be blocked with an 
anti-CDld monoclonal antibody or that spontaneously occurring lupus can be blocked with an anti- 
CDld monoclonal antibody. There was no reason to expect at the time of the paper of Zeng that 
the cellular and molecular mechanisms that cause lupus induced by CD Id recognizing transgenic T 
cells derived from a single T cell clone are the same or similar to the mechanisms that cause 
spontaneous lupus in mice or humans. 

A key finding by the Applicant, which provides the reasoning to treat lupus with antibodies 
against CD Id, is that NKT cells mediate B cell activation and class switching, thus resulting in 
lupus. Both Amano and Zeng are limited to the convention in the prior art that conventional T cells 
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are involved in the etiology of lupus. Declaration of Dr. Samuel Strober, paragraphs 4-5 (hereinafter 
"Declaration"). In contrast, Applicant discovered that it is the NKT cell mediation of antibody 
production and isotype switching that results in disease. For example, as discovered by Applicant, 
incubation of conventional T cells with B cells does not result in significantly increased secretion of 
IgM or IgG isotypes as compared to cultures of B cells alone. Declaration, paragraph 5. 

However, co-culturing NKT cells with splenic B-l or marginal zone B cells secreted 
markedly increased amounts of IgM and IgM anti-dsDNA antibodies. Id. 

Amano does not teach about the interaction of CD1 and NKT cells because the cell line used 
for the experiments was a T cell line that was engineered to express the Vfl9, TCR. In 

contrast, the NKT cells from NZB/W mice, as described in the instant specification, express V a 14J 
a 18. The use of an engineered cell line that does not have the correct TCR is further evidence that 
the model of Amano and Zeng would not be predictive of success in administering anti-CD Id 
antibodies in treatment of SLE in humans, 

Zeng does not teach the role of NKT cells in lupus, because the experiments did not study 
NKT cells. Instead, a transgenic mouse model was used where all of the T cells carried the Vp9, 
Vd4.4 TCR. NKT cells, on the other hand, express a unique and invariant TCR, V a 14J a 18. 
Furthermore, the Zeng's teachings were limited to in vitro demonstrations that transgenically derived 
T cells expressing the CD Id TCR transgenes could stimulate the proliferation of non-trans genie B 
cells. However, importantly, in the transgenic animal model these T cells did not cause the 
development of lupus . See Zeng, page 527, column 1, first paragraph. Thus, contrary to the 
Examiner's assertion, there would not be an expectation of success in the claimed method of 
treatment, particularly since in humans only 0.1% of the T cells are NKT cells as opposed to 100% 
of the cells in the Zeng model. Furthermore, at the time of invention, NKT cells were believed to be 
protective and not causative for lupus. 

Only when Zeng. transferred T cells from transgenic mice to irradiated nu/nu host mice were 
they able to induce lupus. Even here, only certain subsets of T cells induced disease notwithstanding 
the fact that 100% of the T cells expressed the CD Id TCR transgenes. Normally, in mice, the CD Id 
TCR is only found on NKT cells which make up approximately 3-4% of the greater T cell family. 
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More specifically, Zeng transplanted bone marrow with or without added sorted T cells. T 
cells were sorted based on CD4 and CD8 expression and were also classified as to organ source. 
When bone marrow from single positive (SP, i.e., CD4 + or CD8 + ) transgenic mice was injected into 
irradiated hosts, 9 of 20 developed ascites, and 15 of 20 developed proteinuria and anti-double 
stranded DNA antibodies; the three markers for lupus. See page 527, column 2, last paragraph and 
Table 2. Bone marrow from double negative (DN, i.e., CD4' and CD8") transgenic mice did not 
induce disease in 12 of 12 host mice. See page 528, column 1, lines 8-11 and Table 2. SP bone 
marrow admixed with splenic SP sorted T cells induced disease in 6 of 6 mice. See page 528, 
column 1, lines 3-8 and Table 2. The addition of splenic DN sorted T cells accelerated disease 
induction when admixed with SP bone marrow. See page 529, column 1, lines 20 - column 2, lines 
1-2. Bone marrow from nontransgenic nude mice admixed with splenic SP T cells induced two of 
the three hallmarks of lupus, as did non-transgenic nude mouse bone marrow admixed with splenic 
DN T cells. See page 529, column 1, second paragraph and Table 2. Bone marrow from 
nontransgenic nude mice admixed with CD4 + or CD8 + sorted T cells induced two of the three 
hallmarks of lupus. See Table 2. 

Mixing experiments of bone marrow cells suggested bone marrow from DN mice may 
reduce the incidence of disease when added to SP bone marrow as 2 of 8 mice developed all three 
hallmarks of lupus compared to 9 or 15 of 20 mice developing the individual hallmarks of lupus in 
mice that received only SP bone marrow. See page 529, column 2, section entitled CD4CD8" T 
Cells from Transgenic Marrow Prevent Lupus and Table 3. Further experiments demonstrated the 
importance of the organ source of DN T cells with bone marrow derived DN T cells suppressive and 
splenic DN T cells causative of disease. See Table 3. Zeng concluded that "[t]he inhibitory activity 
of the DN transgenic BM cells was related to the presence of the transgenes , since substituting 2.5 x 
10 6 BM cells from nontransgenic BALB/C mice failed to inhibit the induction of lupus abnomalities 
by the SP transgenic BM cells." See page 529, column 2, lines 25-30. 

Unable to correlate the induction of disease with CD4 or CD8 status, Zeng next studied the 
cytokine expression pattern of the transgenic T cells and discovered that bone marrow DN T cells 
had the Th2 secretion pattern with high levels of IL-4 and relatively low levels of IFN-7 and IL-2. In 
contrast, SP, double positive (CD4 + and CD8 + ), and splenic DN T cells exhibited the Thl cytokine 
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expression pattern with high levels of IFN-7 and IL-2 and relatively low levels of IL-4. See page 
529, column 2, section entitled: Cytokine Profile of Transgenic T Cells That Induce or Prevent 
Lupus. 

In sum, at the time of invention there would be no reasonable expectation of success, for one 
of skill to treat lupus using anti-CD Id antibody, because one of skill would have recognized at the 
time of invention that Amano and Zeng provide an artificial system that does not reflect what 
actually occurs (i.e., Applicants' discovery of the unexpected result where NKT cells activate CD1 
on B cells sufficiently for the development of a pathology) and is not a representative system from 
which a person of art could reasonably extrapolate to the treatment of humans. 

Moreover, one of ordinary skill in the art at the time of invention needed to consider the 
entire teachings of the cited references as a whole and not extract isolated portions. As such, the 
preponderance of the teachings of the Amano and Zeng would be more confounding than predictive 
and would not have led to the instantly claimed methods. 

In particular, one of skill would not have been motivated to combine the aspects from the 
studies presented by Amano and Zeng together or with the other cited references because it would be 
known that 1) normal mice only express CD Id TCR on NKT cells and not on T cells, 2) NKT cells 
only represent 3-4% of the greater T cell population in mice and 0.1% in humans, 3) the T cells used 
for the experiments were isolated from transgenic mice where 100% of the T cells express CD Id 
TCR, 4) the transgenic mice do not develop disease, 5) the recipient mice were lethally irradiated to 
condition them for accepting the donor cells, 6) disease was only induced in some recipient mice, 7) 
no correlation was found for T cell markers and disease induction, and 8) Zeng specifically 
concluded that the presence of the transgenes in bone marrow T cells is inhibitory for the 
development of lupus . Therefore, one of skill would not be led to conclude that the combination of 
the results of Amano and Zeng are applicable to arriving at the claimed inventions, because Amano 
and Zeng do not teach or suggest that administration of anti-CD Id antibody could treat lupus. 

Rather than finding motivation to combine references, the person of ordinary skill in the art 
would espouse the conventional view that CD4 + helper T cells are required for activation of B cells 
because CD4 + helper T cells are more prevalent than NKT cells and it was known that the deletion 
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of CD4 + helper T cells by anti-CD4 antibodies would ameliorate disease in hereditary murine models 
in a simple and direct manner. 

Moreover, even if one CD Id recognizing T cell clone could induce lupus there is nothing in 
Amano or Zeng to show or imply that all CD Id recognizing T cells will induce lupus, not 
withstanding the fact that in Zeng transgenic T cells with the same receptor can induce or suppress 
lupus depending on the tissue of origin and the cytokine secretion pattern. Furthermore, the finding 
that one CD Id recognizing T cell clone can induce lupus does not teach whether the considerably 
more numerous MHC recognizing CD4+ T cells will induce lupus also. Lupus induction by these 
MHC recognizing T cells would not be expected to be blocked by anti-CD Id monoclonal antibody. 
Therefore, Zeng does not teach that all CDld recognizing T cells induce lupus or that MHC 
recognizing T cells do not induce lupus or that any T cell that induces lupus can be blocked with an 
anti-CD Id monoclonal antibody or that spontaneously occurring lupus can be blocked with an anti- 
CD Id monoclonal antibody. There was no reason to expect at the time of the paper of Zeng that 
the cellular and molecular mechanisms that cause lupus induced by CDld recognizing transgenic T 
cells derived from a single T cell clone are the same or similar to the mechanisms that cause 
spontaneous lupus in mice or humans. 

Applicants now have clinical data to further support the discovery that blocking CDld TCRs 
with antibody reduces the secretion of anti-double stranded DNA antibodies, a marker for lupus. 
See, e.g., Declaration, paragraph 5. Normal CD-19 + B cells do not spontaneously secrete IgM or 
IgA in culture. When normal NKT cells are added, IgM and IgA secretion is detected. In contrast, 
CD-19 + B cells from lupus patient spontaneously secrete considerable amounts of IgM, IgA and IgG. 
When co-cultured with NKT cells, B cells increased antibody production 2-10 fold. When anti- 
CD Id antibody was added anti-double stranded DNA IgG production was significantly reduced. 

In sum, the Examiner erred in the rejection of the instant claims. The Examiner has failed 
to establish a prima facie case of obviousness, because the Examiner has failed to establish a 
reasonable basis for combining the multiple cited references and the Examiner has failed to establish 
a reasonable expectation of success based on knowledge in the relevant art at the time of invention. 
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For the reasons described above, claims 15-20 and 23-26 are not obvious under 35 U.S.C. § 
103 and are therefore patentable. Therefore, the Examiner has erred in the rejection and the 
Examiner's obviousness rejection should be reversed. 

3. Claims 21 and 22 are patentable under 35 U.S.C. 103(a) over Amano, in view of 
Kotzin, Zeng, Blumberg, Hughes and Merck Manual. 

Claim 21 is dependent from claim 15 and is directed to a method of treating a human subject 
for lupus erythematosus by administering a second therapeutic agent for treating SLE. Claim 22 
further defines options for such second therapeutic agents. 

For the reasons provided above (Section VII(B)(1)), the combined teachings of the cited 
references do not teach or suggest the claimed subject matter of independent claim 15. The Merck 
Manual does not cure the deficiencies in the grounds of rejection as presented. As such, dependent 
claims which require claim elements of intervening claims are also necessarily patentable. 
Therefore, the Examiner's obviousness rejection should be reversed. 

4. Claims 15-26 are patentable under 35 U.S.C. 103(a) over Amano, in view of Kotzin, 
Zeng, the '453 patent, Blumberg, and Hughes. 

The Examiner submits a rejection for claims 15-26 based on the above captioned references. 
In the rejection, the Examiner repeats the purported teachings of Amano, Kotzin, Zeng, Blumberg 
and Hughes consonant with what is discussed above in Sections VII(B)(l)-(2). In addition, the 
Examiner asserts that the '453 patent discloses that a decrease in Val4 NK T cells is closely 
associated with the onset of lupus in a murine model. OA, page 14, paragraph 2. This association 
contradicts the Examiner's previous assertions regarding the significance of Amano as presented in 
the Office Action at page 12, bottom paragraph. For if T cell proliferation can be blocked by the use 
of an anti-CD Id antibody a person of skill would reasonably conclude that the use of an anti-CD Id 
antibody would be contraindicated in the treatment of lupus because, administration of the antibody 
would be expected to further depress NKT cell number by blocking their proliferation and thereby 
accelerate the development or exacerbate the symptoms of the disease. 

In sum, the Examiner has failed to establish a prima facie case of obviousness as set forth 
above in the preceding sections. In addition, the disclosure of the '453 patent contradicts the 
purported teaching of Amano and Zeng and therefore does not provide a reasonable basis for 



3821642 l.DOC 



19 



WSGR Docket No. 31580-702.201 



AMENDED APPELLANT'S BRIEF UNDER 37 C.F.R. §41.37 
U.S. Appln. No. 09/844,544; Filed on November 16, 2009 
Docket No. 31580-702.201 

combining these multiple cited references. Furthermore, the Examiner has failed to establish a 
reasonable expectation of success based on knowledge in the relevant art at the time of invention. 

For the reasons described above, claims 15-26 are not obvious under 35 U.S.C. § 103 and are 
therefore patentable. Therefore, the Examiner has erred in the rejection and Examiner's obviousness 
rejection should be reversed. 

5. Claims 15-26 are patentable under 35 U.S.C. 103(a) over Amano, in view of Kotzin, 

Zeng, the '453 patent, Blumberg, Hughes, and Merck Manual. 

The Examiner rejects claims 1 5-26 based on the combined disclosure of the previously cited 
seven references listed in the above three rejections. This rejection adds no new arguments or 
references. 

Thus, for the reasons described above, the cited references do not disclose or suggest a 
method of treating systemic lupus erythematosus in a human patient with a CD Id blocking antibody 
as discussed in Sections VII(B)(l)-(3) above. Furthermore, the Examiner has failed to establish a 
reasonable expectation of success based on- knowledge in the relevant art at the time of invention. 
Therefore, the Examiner has failed to establish a prima facie case of obviousness and the rejection of 
claims 15-26 under 35 U.S.C. § 103(a) should be reversed. 
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CONCLUSION 

For the reasons stated above, claims 15-26 are patentable over the prior art of record, and the 
rejection of claim 22 under 35 U.S.C. § 1 12, written description, is improper. Appellants 
respectfully request the Board to reverse the Examiner's rejections with instructions to allow the 
claims. 

The Commissioner is hereby authorized to charge any additional fees that may be required, 
or credit any overpayment to Deposit Account No. 23-2415 (Attorney Docket No. 31580-702.201). 

Respectfully submitted, 

Date: November 16, 2009 By: 

Anie Roche, Ph.D. (Reg. No. 50,512) 
Paul Borchardt, Ph.D. (Reg. No. 53,999) 



WILSON SONSINI GOODRICH & ROSATI 

650 Page Mill Road 

Palo Alto, CA 94304-1050 

Telephone No. (650) 493-9300 

Facsimile No. (650) 493-681 1 
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VIII, CLAIMS APPENDIX 

1-14. (Canceled) 

15. (Previously Presented) A method of treating systemic lupus erythematosus in a human 
patient comprising administering to said patient an effective dose of a CD Id blocking antibody, 
wherein said effective dose treats said systemic lupus erythematosus in said human patient. 

16. (Previously Presented) The method of Claim 15 wherein said administration inhibits a 
pathologic polyclonal B cell activation or class switching. 

17. (Previously Presented) The method according to Claim 15, wherein said antibody is a 
monoclonal antibody. 

18. (Previously Presented) The method according to Claim 17, wherein said monoclonal 
antibody is a human or humanized antibody. 

19. (Previously Presented) The method according to Claim 17, wherein said monoclonal 
antibody specifically binds to human CD Id. 

20. (Previously Presented) The method according to Claim 1 5, wherein said administration is by 
intravenous injection. 

21 . (Previously Presented) A method according to Claim 1 5, further comprising administering to 
said patient a second therapeutic agent for the treatment of systemic lupus erythematosus. 

22. (Previously Presented) The method of Claim 21, wherein said second therapeutic agent is a 
non-steroidal anti-inflammatory drug, corticosteroid, immunomodulating drug, and/or an 
anticoagulant. 
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23. (Previously Presented) A method of treating systemic lupus erythematosus in a human 
patient comprising administering to said patient an effective dose of a CD Id blocking antibody, 
wherein said effective dose treats said systemic lupus erythematosus in said human patient and 
inhibits a pathologic polyclonal B cell activation or class switching. 

24. (Previously Presented) A method of treating systemic lupus erythematosus in a human 
patient comprising administering to said patient an effective dose of a CDld blocking antibody, 
wherein said effective dose treats said systemic lupus erythematosus in said human patient and 
delays the onset of proteinuria. 

25. (Previously Presented) The method according to Claim 24, wherein said administering to 
said patient an effective dose of a CDld blocking antibody reduces the levels of serum IgG and anti- 
dsDNA IgG. 

26. (Previously Presented) The method according to Claim 24, wherein said administering to 
said patient an effective dose of a CDld blocking antibody prolongs survival of said patient. 
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IX. EVIDENCE APPENDIX 

This appendix contains three copies of Swain SL 5 T Cell Subsets and the Recognition of 
MHC Class, Immunol. Rev. 74:129-142, 1983; Swain SL et al. 5 Monoclonal Antibody to L3T4 
Blocks the Function of T Cell Specific for Class 2 Major Histocompatibility Complex Antigens, J. 
Immunol. 132:1 1 18-1 123, 1984; and Wofsy D, et al., Successful Treatment of Autoimmunity in 
NZB/NZWFi Mice with Monoclonal Antibody to L3T4, J. Exp. Med., 161:378-391, 1985, that 
were submitted on April 28, 2006 in an Information Disclosure Statement pursuant to 37 C.F.R, 
§1.97 and 37 C.F.R. §1.98. The articles were entered into the record on July 17, 2006 as indicated 
by the initialed form PTO/SB/08A. 

This appendix further contains three copies of a declaration by Dr. Samuel Strober that was 
submitted on October 30, 2007 pursuant to 37 C.F.R. §1.132 and entered into the record as indicated 
on page 2 of the Non-Final Office Action mailed February 6, 2008. 
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X. RELATED PROCEEDINGS APPENDIX 

None. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application ) 

) Confirmation No.: 3043 
Inventors: DefuZengetal. ) 

) Art Unit: 1644 
Application No.: 09/844,544 ) 

) Examiner: Marianne DiBrino 
Filed: April 27, 2001 ) 

) Customer No, 021971 
Title: Methods for Inhibition of Polyclonal B ) 
Cell Activation and Immunoglobulin Class ) 
Switching to Pathogenic A utoantibodies by ) 
Blocking CDl-Mediated Interactions ) 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, V A 22313-1450 

DECLARATION PURSUANT TO 37 CFR §1.132 

Dear Sir or Madam: 

L Dr. Samuel Strober, M.D., do hereby declare as follows: 

1. I am a Professor of Medicine in the Department of Medicine, Division of 
Immunology, Stanford University School of Medicine, Stanford, CA. I received my M.D. from 
Harvard Medical School, Boston, Magna Cum Laude in 1966. I have over thirty years of experience 
in immunology. 

2. I am familiar with the prosecution history of the above-identified patent application 
and the pending obviousness issues. 

3. I am submitting this declaration to show that the use of an anti-CD 1 antibody to treat 
lupus is not obvious over the prior art cited by the Examiner. The references used by the Examiner 
include Zeng et al M Subsets of transgenic T cells that recognize CD1 induce or prevent murine lupus; 
Role of cytokines. J. Exp. Med. 187:525-526, 1998, and Amano et al., CD I expression defines 

-I- 




FILED ELECTRONICALLY ON OCTOBER**?, 2007 



subsets of follicular and marginal zone B cells in the spleen: P2ni-dependent and independent forms. 
J. Immunol., 161: 1710-1717, 1998. The Examiner states that the results of Zeng et al. in 
combination with Amano et al. makes obvious the invention of the use of anti-CD 1 mAb to treat 
lupus. 

4. Both Zeng and Amano are the result of experiments conducted in my laboratory at 
Stanford University. Zeng does not teach the role of NKT cells in lupus because the experiments did 
not study NKT cells. Instead, a transgenic mouse model was used where all of the T cells carried the 
Vp9 5 V„4.4 T cell receptor (TCR). NKT cells, on the other hand, express a unique and invariant 
TCR, Y a 14J a l 8. Similarly, the experiments in Amano do not teach about the interaction of CD1 
and NKT cells as the cell lines used were T cells that also express the Vp9, V a 4.4 TCR. However, 
the NKT cells from NZB/W mice, as described in my patent application, express V a 14J a l 8. Thus, 
based on Zeng and Amano, it would not have been predictable that spontaneous lupus found in 
NZB/W mice could be treated with an anti-CDld antibody. 

5. Recent experiments conducted in my .laboratory (Takahashi, T. and Strober, S. 
Natural killer T cells and innate immune B cells from lupus-prone NZB/W mice interact to generate 
IgM and IgG autoantibodies. In press) demonstrate that the incubation of conventional T cells with B 
cells does not result in significantly increased secretion of IgM (p>02), or IgG isotypes (IgGl,/9= 
>0.05 to 0.5) as compared to cultures of B cells alone. IgG2a was not detected and IgM anti-dsDNA 
levels were less than 20 U/ml, In contrast, NKT cells co-cultured with splenic B-l or marginal zone 
B cells secreted markedly increased amounts of IgM (p= <0.0001 to 0.001) and IgM anti-dsDNA 
antibodies (p=0,0007 to 0.03) as compared to cultures of B cells alone. Additionally, co-cultures 
produced significandy increased amounts of IgGl (p=0.0003 to 0.008) and IgG2a (p=0.0003 to 
0.002) that were above 400 ng/ml and 50 ng/ml respectively as well as increased amounts of IgG 
anti-dsDNA antibodies. The addition of anti-CDld antibody, to co-cultures of purified NKT cells 
and B cells significantly decrease IgM and IgM anti-dsDNA antibody secretion, p=0.004 to 0.03 for 
B-l and p=0.003 to 0.02 for marginal zone B cells. Similarly, the addition of anti-CDld antibody 
significantly reduced IgGl secretion, p=0.001 to 0.0 1, and IgG2a secretion, p=0.0001 to 0.001. 

6. Culturing experiments conducted on normal human and lupus patient lymphocytes by 
my colleague Edgar Engleman at Stanford expound upon my lab's findings and extend the results to 
humans. Normal human B cells do not spontaneously secrete IgM. When normal NKT cells were 



added, however, B cells secrete IgM, but not anti-double stranded-DNA (ds-DNA) IgM or IgG or 
IgG anti-dsDNA antibodies. Lupus patient B cells, however, spontaneously secrete considerable 
amounts of IgM (0.05-0. 1 ug/ml), IgA (0.05-0.6ug/ml) and IgG (0.1-2ug/ml). Immunoglobulin 
production is further increased in lupus patient B cells by co-culturing with lupus patient NKT cells 
where IgG, IgM and IgA production increased about 3-10 fold, 2-4 fold and 2-4 fold, respectively. 
Moreover, lupus patient NKT cells help lupus patient B cells secret anti-dsDNA IgG autoantibody, a 
hallmark of the disease. The addition of anti-human CD1 d antibody inhibits production of 
antibodies by normal and lupus patient B cells. Of particular significance is the discovery that the 
addition of anti-CD 1 d anti body significantly reduces anti-dsDN A IgG production. (Figure 1 , 
attached) These data suggest that NKT cells augment antibody production and isotype switching 
through the recognition of CDld on B cells. 

7. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that making willful false statements and the like are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the applications or any patent 
issuing thereon. 

Respectfully submitted, 
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Dear Sir or Madam: 

I ? Dr. Samuel Strober, M.D., do hereby declare as follows: 

1. I am a Professor of Medicine in the Department of Medicine, Division of 
Immunology, Stanford University School of Medici ne, Stanford, CA. I received my M.D. from 
Harvard Medical School, Boston, Magna Cum Laude in 1966. I have over thirty years of experience 
in immunology. 

2. I am familiar with the prosecution history of the above-identified patent application 
and the pending obviousness issues. 

3. I am submitting this declaration to show that the use of an anti-CD 1 antibody to treat 
lupus is not obvious over the prior art cited by the Examiner. The references used by the Examiner 
include Zeng et al., Subsets of transgenic T cells that recognize CD1 induce or prevent murine lupus; 
Role of cytokines. J. Exp. Med. 187:525-526, 1998, and Amano et al., CD1 expression defines 
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subsets of follicular and marginal zone B cells in the spleen; P2m-dependent and independent forms. 
J. Immunol., 161: 1710-1717, 1998. The Examiner states that the results of Zeng et al. in 
combination with Amano et al. makes obvious the invention of the use of anti-CD 1 mAb to treat 
lupus. 

4. Both Zeng and Amano are the result of experiments conducted in my laboratory at 
Stanford University. Zeng does not teach the role of NKT cells in lupus because the experiments did 
not study NKT cells. Instead, a transgenic mouse model was used where all of the T cells carried the 
Vp9 s V u 4.4 T cell receptor (TCR). NKT cells, on the other hand, express a unique and invariant 
TCR, V a 14J a 18. Similarly, the experiments in Amano do not teach about the interaction of CD1 
and NKT cells as the cell lines used were T cells that also express the Vp9, V a 4.4 TCR. However, 
the NKT cells from NZB/W mice, as described in my patent application, express V a 1 4J a l 8. Thus, 
based on Zeng and Amano, it would not have been predictable that spontaneous lupus found in 
NZB/W mice could be treated with an anti-CDld antibody. 

5. Recent experiments conducted in my laboratory (Takahashi, T. and Strober, S. 
Natural killer T cells and innate immune B cells from lupus-prone NZB/W mice interact to generate 
IgM and IgG autoantibodies. In press) demonstrate that the incubation of conventional T cells with B 
cells does not result in significantly increased secretion of IgM (p>0.2), or IgG isotypes (IgGl,/>= 
>0.05 to 0.5) as compared to cultures of B ceils alone. IgG2a was not detected and IgM anti-dsDNA 
levels were less than 20 U/mL In contrast, NKT cells co-cultured with splenic B-l or marginal zone 
B cells secreted markedly increased amounts of IgM (p= <0.0001 to 0.001) and IgM anti-dsDNA 
antibodies (p=0.0007 to 0.03) as compared to cultures of B cells alone. Additionally, co-cultures 
produced significantly increased amounts of IgGl (p^O.0003 to 0.008) and IgG2a (p=0.0003 to 
0,002) that were above 400 ng/ml and 50 ng/ml respectively as well as increased amounts of IgG 
anti-dsDNA antibodies. The addition of anti-CDld antibody to co-cultures of purified NKT cells 
and B cells significantly decrease IgM and IgM anti-dsDNA antibody secretion, p=0.004 to 0.03 for 
B-l and p-0.003 to 0.02 for marginal zone B cells. Similarly, the addition of anti-CDld antibody 
significantly reduced IgGl secretion, p=0.001 to 0.01, and IgG2a secretion, p=0.0001 to 0.001 . 

6. Culturing experiments conducted on normal human and lupus patient lymphocytes by 
my colleague Edgar Engleman at Stanford expound upon my lab's findings and extend the results to 
humans. Norma! human B cells do not spontaneously secrete IgM. When normal NKT cells were 



added, however, B cells secrete IgM, but not anti-double stranded- DNA (ds-DNA.) IgM or IgG or 
IgG anti-dsDNA antibodies. Lupus patient B cells, however, spontaneously secrete considerable 
amounts of IgM (0.05-0. 1 ug/mi) JgA (0.05-0.6ug/ml) and IgG (0.1-2ug/ml). Immunoglobulin 
production is further increased in lupus patient B cells by co-culturing with lupus patient NKT cells 
where IgG, IgM and IgA production increased about 3-10 fold, 2-4 fold and 2-4 fold, respectively. 
Moreover, lupus patient NKT cells help lupus patient B cells secret anti-dsDNA IgG autoantibody, a 
hallmark of the disease. The addition of anti-human CD1 d antibody inhibits production of 
antibodies by normal and lupus patient B cells. Of particular significance is the discovery that the 
addition of anti-CD 1 d antibody significantly reduces anti-dsDN A IgG production. (Figure 1 ? 
attached) These data suggest that NKT cells augment antibody production and isotype switching 
through the recognition of CD1 d on B cells. 

7. 1 declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that making willful false statements and the like are 
punishable by fine or imprisonment or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the applications or any patent 
issuing thereon. 
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4. Both Zeng and Amano are the result of experiments conducted in my laboratory at 

Stanford University. Zeng does not teach the role of NKT cells in lupus because the experiments did 

not study NKT cells. Instead, a transgenic mouse model was used where all of the T cells carried the 

Vp9 5 V u 4.4 T cell receptor (TCR). NKT cells, on the other hand, express a unique and invariant 

TCR, V a 14J a 18. Similarly, the experiments in Amano do not teach about the interaction of CD1 

and NKT cells as the cell lines used were T cells that also express the Vp9. V a 4.4 TCR. However, 

the NKT cells from NZB/W mice, as described in my patent application, express V a 14J a l 8. Thus, 
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based on Zeng and Amano, it would not have been predictable that spontaneous lupus found in 
NZB/W mice could be treated with an anti-CDld antibody, 

5. Recent experiments conducted in my laboratory (Takahashi, T, and Strober, S. 
Natural killer T cells and innate immune B cells from lupus-prone NZB/W mice interact to generate 
IgM and IgG autoantibodies. In press) demonstrate that the incubation of conventional T cells with B 
ceils does not result in significantly increased secretion of IgM (p>0,2) 9 or IgG isotypes (IgGl,/?= 
>0.05 to 0.5) as compared to cultures of B ceils alone. IgG2a was not detected and IgM anti-dsDNA 
levels were less than 20 U/ml, In contrast, NKT cells co-cultured with splenic B-l or marginal zone 
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SUCCESSFUL TREATMENT OF AUTOIMMUNITY IN NZB/NZW 
F, MICE WITH MONOCLONAL ANTIBODY TO L3T4 



By DAVID WOFSY and WILLIAM E. SEAMAN 

From the Immunology/ f Arthritis Section, Veterans Administration Medical Center, and the 
Department of Medicine, University of California, San Francisco, California 94121 

The advent ofhybridoma technology has rekindled hopes of using antibodies 
as specific therapeutic agents (1-4). Several reports have focused attention on 
the potential use of monoclonal antibodies (mAb) 1 either as antitumor agents 
(4-15) or as immunosuppressive agents designed to facilitate organ transplanta- 
tion (16-21). Early therapeutic trials in humans have demonstrated that certain 
mAb can be used to retard the progression of lymphoid malignancy (10, 1 1) or 
to reverse renal allograft rejection (17,18). However, in most cases, the beneficial 
effects of treatment have been transient (4, 12-17) due in part to the develop- 
ment of host immunity to the administered mAb (4, 9, 16, 1 7). 

Recently, (22) we treated three murine models for systemic lupus erythema- 
tosus (SLE) with biweekly injections of rat anti-T cell (anti-Thy-1.2) mAb in 
order to examine the role of T cells in the pathogenesis of murine lupus and to 
explore the possibility of using antilymphocyte mAb to treat autoimmunity. 
Treatment with anti-Thy-1 .2 substantially reduced circulating T cells in all three 
strains (MRL///>r, NZB/NZW F,, BXSB), despite development of antibodies to 
rat Ig. Therapy was beneficial in MRL/lpr mice. It reduced autoantibody 
production, retarded renal disease, and markedly prolonged life. In contrast, 
treatment did not reduce autoimmunity in NZB/NZW F, (B/W) mice, and it 
caused fatal anaphylaxis in BXSB mice. These findings demonstrate that antilym- 
phocyte mAb can serve as specific probes to examine the cells that contribute to 
autoimmunity. The results in URL/lpr mice illustrate the potential therapeutic 
value of antilymphocyte mAb when a pathogenic cell subset can be identified. 
However, the results in BXSB mice emphasize equally the potential hazards of 
the host immune response to treatment with mAb. 

The development of a new rat mAb (GK1.5) reactive with mouse helper T 
cells provides an opportunity for a more selective approach to the study of T cell 
regulation of autoimmunity in murine lupus. This antibody recognizes a glyco- 
protein antigen, designated L3T4, that is the mouse homoiogue for the human 
T cell a ntigen termed Leu-3 or T4 (23). Like Leu-3/T4 in humans, L3T4 
This work was supported by the Veterans Administration, the State of California (contract 
83-00062), and the Northern California Chapter of the Arthritis Foundation. Address reprint 
requests to: Dr. David Wofsy. Arthritis/Immunology Section (I1IR). Veterans Administration 
Medical Center. 4 1 50 Clement Street, San Francisco. CA 941 SI. 

1 Abbreviations used in this paper: BGC. bovine gamma globulin; BSA, bovine serum albumin; 
BUN, blood urea nitrogen; ELISA; enryme-linked immunosorbent assay; mAb. monoclonal antibody; 
MHA II, class II major histocompatibility antigens; SLE, systemic lupus erythematosus; TLI, total 
lymphoid irradiation. 
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participates in the T cell response to class U major histocompatibility antigens 
(MHA II) on antigen-presenting cells (24-28). Antibody to L3T4 inhibits most 
MH A H-dependent T cell responses in vitro (25-27). Therefore, administration 
of mAb against L3T4 might alter immune responses in vivo and thereby 
influence the course of autoimmune disease. To test this hypothesis, we treated 
B/W female mice with weekly injections of GK1.5 (anti-L3T4) beginning at age 
4 mo. Treatment produced a sustained reduction in circulating T cells expressing 
L3T4. It also dramatically reduced autoantibody concentrations, retarded renal 
disease, and prolonged life. Mice treated with rat anti-L3T4 mAb developed 
little or no antibody to the administered rat Ig. In contrast, control mice treated 
with purified nonimmune rat IgG developed high titers of antibody to rat Ig. 
These findings establish that autoimmune disease in B/W mice is T cell- 
dependent. They further demonstrate that: (a) mAb directed against helper T 
cells can significantly improve autoimmune disease in B/W mice; and (*) the 
beneficial effects of treatment with anti-LST4 may not be complicated by the 
development of a host immune response to therapy. 

Materials and Methods 

Mice. B/W mice were bred in our colony at the San Francisco Veterans Administration 
Medical Center from NZB females, purchased from The Jackson Laboratory, Bar Harbor, 
ME, and NZW males purchased from Simonsen Laboratory, Gilroy, CA 

Treatment Regimen. 10 mice were treated with a rat IgG 2b mAb against L3T4, 
designated GK1.5 (23). The hybridoma used to produce GK1 .5 was generously provided 
by Dr. Frank W. Fitch, University of Chicago. Antibody to L3T4 was harvested as ascites 
from sublethals irradiated BALB/c mice, partially punfied by ammonium sulfate precip- 
itation, dialyzed against phosphate-buffered saline, and quantified by protein electropho- 
resis and measurement of optical density. Treatment consisted of an initial intravenous 
injection of 2 mg of anti-L3T4, followed by weekly intraperitoneal injections (2 mg per 
mouse). In preliminary studies, we determined that an intravenous injection of 2 mg of 
anti-L3T4 produces saturation binding of circulating and splenic target cells, and substan- 
tial, though incomplete, binding of L3T4* lymph node cells and thymocytes (unpublished 
data). Two control groups were also studied: one group (10 mice) received weekly 2-mg 
injections of chromatographicaUy purified rat IgG (Cappel Laboratories, Cochran ville, 
PA); the other group (1 1 mice) received saline. 

Fluorescence Analysis of Lymphocyte Subpopulations. Peripheral blood was obtained from 
individual mice by retroorbital bleeding into heparinized pipettes. Mononuclear cells were 
separated by centrifugation over Lympholyte-M (Cedar lane Laboratories, Ontario, Can- 
ada), and quantified using a Coulter ZBI cell counter (Coulter Electronics, Inc., Hialeah, 
FL). Mononuclear cell subsets were identified by staining with fluorescein-conjugated 
mAb, as described previously (29). The antibodies used for analysis included: anu-Thy- 
1.2 (30-H12) to identify all T cells, anti-LST4 (GK1.5) and anti-Lvt-2 (53-6) to identify 
the major T cell subsets, and anti-ThB (53-9) to identify B cells. Fluorescein-conjugated. 
mouse anti-rat kappa chain mAb (MAR 18.5; B-D FACS Systems, Sunnyvale, CA) was 
used to detect anti-L3T4 on target cell surfaces. Except as noted, fluorescence analysis 
was always performed immediately before treatment, i.e., 1 wk after the previous injection. 

Assessment of Renal Disease. Blood urea nitrogen (BUN) was determined on samples 
from individual mice using a CentrifiChem System. 400 (Union Carbide, Danbury, .CT). 
Proteinuria was measured colorimetrically by the use of Albustix (Miles Laboratories Inc., 
Elkhart, IN). This produces an approximation of proteinuria as follows: trace, 10 mg/dl; 
1+, 30 mg/dl; 2+, 100 mg/dl; 3+, 300 mg/dl; 4+, 1,000 mg/dl. All measurements of 
proteinuria were performed by an observer who had no knowledge of the given treatment. 

Measurement of Serum Antibodies to Double-stranded DNA. Anti-DNA antibody concen- 
trations were assessed by a solid phase enzyme-linked immunosorbent assay (ELISA) 
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derived from the method of Fish and ZifF (30). Immulon II polyvinyl microtitration trays 
were coated sequentially with a 50 >ig/ml solution of poly-L-Iysine (Sigma Chemical Co., 
St. Louis, MO) in 0.1 M Tris-HCI buffer, pH 7.3 (75 Mg/well), a 20 Mg/ml solution of 
poly(dA-dT) (Sigma Chemical Co.) in Tris buffer (75 u\/we\\), and a 2% solution of bovine 
serum albumin (BSA) (Sigma Chemical Co.) in Tris buffer (250 Ml/well). Serum samples 
that had been serially diluted in Tris buffer containing 1% BSA and 2% bovine gamma 
globulin (BGG) (Sigma Chemical Co.) were then incubated at 75 pl/well for 1 .5 h at room 
temperature. The wells were then washed five times and incubated with peroxidase- 
conjugated goat anti-mouse Ig that had been extensively absorbed with rat Ig (0.3 Mg/ 
well; Cappel Laboratories). After incubation at room temperature for I h. the wells were 
washed five times and treated in the dark for 10 min with o-phenylenediamine (100 u\/ 
well). The enzymatic reaction was stopped with 2 N HjS0 4 (200 *il/well), and absorbance 
was measured at 490 nm. Serum from adult MRL/lpr and C57BL/6 mice served as 
positive and negative controls, respectively. The specificity of the assay was demonstrated 
using wells that had not been coated with polyfdA-dT). 

Measurement of Serum Antibodies to Rat Ig. Antibodies to rat Ig were measured by an 
ELISA technique simitar to the one described above. Briefly, Immulon II polyvinyl 
microtitration trays were coated with rat Ig mAb (0.5 ug 30-H12/well) followed by 2% 
BSA in 0,1 M Tris-HCI buffer. Serum samples were serially diluted in Tris buffer 
containing 1% BSA and 2% BGG, then incubated at 75 Ml/well for 1.5 h at room 
temperature. The wells were then washed, incubated with peroxidase-conjugated goat 
anti-mouse Ig that had been absorbed with rat Ig, washed again, and then treated in the 
dark with o-phenylenediamine exactly as described above. Mouse anti-rat kappa chain 
mAb (MAR 18.5) and normal mouse serum served as positive and negative controls, 
respectively. 

Measurement of Serum IgM and IgC Levels. Serum concentrations of mouse IgM and 
IgG were measured by ELISA. Immulon II polyvinyl microtitration trays were coated 
with a 10 Mg/ml solution of either goat anti-mouse IgG or goat anti-mouse IgM (both, 
Cappel Laboratories), followed by 2% BSA in 0.1 M Tris-HCI buffer. Serum samples 
were serially diluted in Tris buffer containing 1% BSA and 2% BGG, then incubated at 
75 ^I/well for 1.5 h at room temperature. The wells were then washed, incubated with 
peroxidase-conjugated goat anti-mouse Ig that had been absorbed with rat Ig, washed 
again, and then treated in the dark with o-phenylenediamine, as described above. Purified 
mouse IgM and IgG (Miles Laboratories) were used to generate standard curves and 
document the specificity of the assay. 

Results 

Effect of Age on Circulating Lymphocyte Subpopulations in Untreated B/W Mice. In 
control B/W mice treated with saline, there ,was a spontaneous age-dependent 
reduction in circulating T lymphocytes (Fig. 1, A and B). The number of 
circulating B lymphocytes remained relatively constant (Fig. 1 C). Although T 
cell counts fell by -50% between 4 and 8 mo of age, LST4 4 cells and Lyt-2 + 
cells were comparably afTected and, therefore, the L3T4/Lyt-2 (helper/suppres- 
sor) ratio remained constant (Fig. 1 D). Treatment with weekly injections of 
nonimmune rat IgG did not affect the spontaneous progressive changes in 
circulating lymphocyte subpopulations in B/W mice. 

Effect of Treatment With Anti-L3T4 mAb on Circulating Lymphocyte Subpopula- 
tions. Treatment of B/W mice with weekly injections of anti-L3T4 mAb pro- 
duced a dramatic and sustained reduction in circulating : L3T4t lymphocytes 
(Fig. M). Circulating LST4+ cells were reduced by 30% 24 h after the first 
injection, by 90% 1 wk later, and by 95% thereafter. Fluorescence analysis of 
circulating lymphocytes using mouse anti-rat kappa chain mAb demonstrated 
persistence of administered antibody on the few remaining target cells 7 d after 
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Figure 1 . Circulating lymphocyte subpopulaciona in B/W mice treated with weekly injec- 
tion* of saline (O). nonimmune rat IgG (A), or and-LST4 mAb (■) beginning at age 4 mo. 
Helper T cells, suppressor/cytotoxic T cells, and B cells were identified using fluorescein- 
conjugated ami-LST4 mAb (A), anti-Lyt-2 (£), and anti-Thy B (C), respectively. The relative 
proportion of L3T4* and Lyt-2* T celU is shown in D. 

injection. Staining with fluorescein-conjugated anti-Thy-1,2 mAb and anti-Lyt-2 
established that, after 1 wk of therapy, >90% of circulating T cells in treated 
mice expressed Lyt-2, indicating that the reduction in L3T4* T cells reflected 
target cell depletion rather than antigen modulation. The effect of treatment 
with anti-L3T4 was specific. The number of circulating B cells and Lyt-2 + T 
cells remained stable in treated mice (Fig. 1, B and C). The mean L3T4/Lyt-2 
ratio in treated mice was 0.1:1, compared with 2.6:1', in untreated mice. 

Host Immune Response to Treatment. Control mice treated with nonimmune 
rat IgG all developed high titers of antibody to rat lg (Fig. 2). Host antibodies 
were detectable 7 d after the first injection of rat IgG and rapidly rose to a peak 
mean titer of 1:4,500. In contrast, only 3 of 10 mice treated with rat anti-L3T4 
mAb developed antibodies to rat Ig. In these mice, antibodies to rat Ig first 
appeared after 2-3 mo of therapy and were present only in relatively low titer 
(<1:400). 7 of the 10 treated mice never developed detectable antibody to rat 
Ig. This is in striking contrast to our previous observation that B/W mice treated 
with rat anti-Thy-1.2 mAb of the same isotype as anti-L3T4 all develop high 
titers of anti-rat Ig (22). 

Anti-L3T4 Reduces Autoimmunity. Treatment of B/W mice with anti-L5T4 
mAb prevented development of high titers of antibody to double-stranded DNA 
(Fig. 3). Although small amounts of anti-DNA antibody appeared within the first 
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Figure 2. Geometric mean titer ($ SEM) of antibodies to rat Ig in B/W mice treated with 
saline (O), nonimmune rat IgC (A), or anu-L3T4 mAb W- The shaded area indicates assay 
results using normal mouse sera as negative controls. 



|:3200n 




AGE (months) 

Figure 3. Geometric mean titer (¥ SEM) of antibody to double-stranded DNA in 
B/W mice treated with saline (O), nonimmune rat IgG (A), or anti-L3T4 mAb (■)• The shaded 
area indicates the titer of anti-DNA antibody (<1 :200) in normal (C57BL/6) mice. 

2 mo of therapy with anti-L3T4, the titers of anti-DNA antibody were markedly 
lower in treated mice than in control mice, and the titers remained low through- 
out the duration of therapy. At age 8 mo, the geometric mean titer of anti-DNA 
antibody was 1:2,200 $ 1.2 in mice treated with saline, 1:1,500 $ 1.5 in mice 
treated with nonimmune rat Ig, and 1:270 $ 1.1 in mice treated with anti-L3T4 
(P < 0.0005 compared with either control group; Student's t test). The reduction 
in anti-DNA antibody did not reflect a generalized reduction in total Ig levels in 
treated mice (Table I). After 4 mo of treatment, there was a slight reduction in 
the mean IgG concentration in treated mice that was not statistically significant. 
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Table I 

Effect of Treatment on Ig Concentration 



Treatment 




IgM* 


IgC* 




4~mo-old 


8-mo-old 


4-mo-old 


8-mo-old 


Saline 
Rat IgC 
Anti-L3T4 


9.5 ± 0.2 

9.6 ± 0.2 
9.6 ± 0.2 


9.2 ± 0.2 
9.6 ± 0.2 
10.3 ±0.2* 


15.5 ±0.2 
15.7 ±0.3 
15.5 ±0.3 


15.7 ±0.2 
15.5 ±0.6 
15.2 ±0.3 



* Logt titer (x ± SEM) as measured by ELISA. 

% P< 0.05 compared to pretreatment IgM levels and to IgM levels in both control groups. 



60 1 




Age (months) 

Figure 4. Mean BUN in B/W mice treated with saline (O). nonimmune rat IgG (A) or anti- 
L3T4 mAb (■). 

However, there was a significant increase in the mean IgM concentration in 
treated mice compared with pretreatment levels, and with IgM levels in control 
mice. Increased plasma IgM has been reported previously (31) in association with 
successful treatment of B/W mice. 

Anti*L3T4 Reduces Renal Disease. The reduction in anti-DNA antibody con- 
centration in mice treated with anti-LST4 was associated with a significant 
reduction in renal disease. Renal function, as assessed by BUN, deteriorated 
steadily in both control groups, but was preserved in mice treated with anti- 
L3T4 (Fig. 4). Renal insufficiency occurred earliest in mice treated with non- 
immune rat IgG, perhaps as a consequence of the host immune response to rat 
Ig. At age 7 mo, the mean BUN in mice treated with rat IgG was 34.2 ±12.1 
mg/dl, compared to 18.5 ± 2.7 mg/dl in mice treated with saline (P < 0.05; 
Mann-Whitney U test) and 13.1 ± 0.8 mg/dl in mice treated with anti-L3T4 
(P < 0.01 compared with rat IgG treatment; P < 0.05 compared with saline 
treatment). By 9 mo, the mean BUN in mice treated with saline rose to 38.0 ± 
1 1.6 mg/dl, compared with 14.3 ± 0.9 mg/dl in mice treated with anti-L3T4 {P 
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< 0.01). Severe proteinuria (£3+) developed in 50-60% of mice in each control 
group, but in none of the mice treated with anti-L3T4 (P < 0.05; chi-«quare 
analysis) (Fig. 5). Moderate proteinuria (2+) developed in 16 of 21 control mice 
but in only 2 of 10 treated mice (P < 0.05). These two mice were among the 
three treated mice that developed low titers of antibody to rat Ig, suggesting 
that the immune response to rat Ig may have contributed to the development of 
proteinuria. 

Anti-LST4 Prolongs Survival. Treatment with anti-L3T4 mAb dramatically 
prolonged life (Fig. 6). Median survival was 9.3 mo in mice treated with saline 
and 7.6 mo in mice treated with rat IgG. In contrast, all of the mice treated with 
anti-L3T4 are still alive at 10 mo. The difference in 10-mo survival between 



Proteinuria * 2+ 




Protoinurio 3+ 



lOOn 
80- 
60- 
40- 

20- 



AGE (months) ' 

t t t 

Figure 5. Frequency of significant proteinuria in B/W mice treated' with saline (0)i nonim- 
mune rat IgC (A), or anti-L3T4 mAb (■)• (A) Percent of mice with proteinuria (100 
mg/dl). (B) Percent of mice with proteinuria &S+ (300 mg/dJ). To reflect accurately the 
development of renal disease in all mice, each point reflects the current level of proteinuria in 
surviving mice, as well as the last measurement of proteinuria in deceased mice. 





6 7 8 9 10 ^ . 
AGE (months) 

Figure 6. Survival in B/W mice treated with saline (O). nonimmune rat IgC (A), or ami- 
L3T4 mAb (■). 
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mice treated with anti-L3T4 and control mice is strongly significant {P < 0.001 
compared with the saline control group; P < 0.00001 compared with the rat IgG 
control group; chi-square analysis). The difference in mean survival between the 
two control groups is also statistically significant (P < 0.05; / test), i.e., treatment 
with nonimmune rat Ig accelerated mortality. 

Discussion 

To clarify the role of helper T cells in the pathogenesis of autoimmune disease 
in the B/W model for SLE, we treated female B/W mice with repeated injections 
of a rat mAb directed against the mouse helper T cell antigen, L3T4. Treatment 
depleted circulating target cells, reduced autoantibody production, retarded 
renal disease, and prolonged life. Moreover, treated mice produced little or no 
host antibodies to the administered rat mAb. These findings provide the first 
clear demonstration that autoimmune disease in B/W mice is T cell dependent. 
They further suggest that mAb directed against specific helper T cell antigens 
may be effective in the treatment of certain autoimmune diseases, and that the 
therapeutic benefit may be achieved without provoking an undesirable, and 
potentially hazardous, immune response to the mAb. 

For two decades, the B/W strain has been studied (32, S3) as a model for SLE 
in humans. Early studies (34-37) focused attention on T cell abnormalities in 
B/W mice, emphasizing defects in suppressor T cell number and function. Recent 
studies, however, have cast doubt on the significance of these T cell abnormalities. 
For example, neonatal thymectomy has little effect on the course of autoimmu- 
nity in B/W mice (38), but elimination of a specific subset of B cells prevents 
autoimmune disease (39), Other studies, demonstrating B cell abnormalities, and 
indicating that B cell abnormalities may precede demonstrable T cell abnormal- 
ities in B/W mice, have suggested that autoimmunity in these mice may reflect a 
primary B cell defect, and that T cell defects may be secondary phenomena (40- 
43). Our results demonstrate conclusively that T cells, specifically helper T cells, 
play an important role in the pathogenesis of autoimmune disease in B/W mice. 
If primary defects occur in other cell types, particularly B lymphocytes, these 
cells nonetheless require helper T cells for the expression of disease. 

It has been postulated that autoimmunity in B/W mice might reflect selective 
loss of suppressor T cells (36, 37), perhaps as a consequence of the action of 
natural thymocytotoxic antibodies (44, 45). Our findings in untreated B/W mice 
show that, although progressive T lymphocytopenia occurs, there is no selective 
effect on suppressor (Lyt-2*) T cells. Rather, both major T cell subsets are 
comparably reduced, and the L3T4/Lyt-2 ratio is unchanged. There is, thus, no 
numerical imbalance between helper and suppressor/cytotoxic T cells, although 
functional differences cannot be excluded. 

The L3T4 molecule is expressed on a distinct subpopulation of T cells 
previously referred to descriptively as helper T cells. More precisely, L3T4 
identifies T cells that respond to MHA II on antigen-presenting cells (24-27). 
The functional importance of the L3T4 molecule is demonstrated by the obser- 
vation that mAb against L3T4 blocks in vitro T cell responses to MHA II (25- 
27). The beneficial effects of anti-L3T4 in B/W mice may, therefore, be due not 
only to target cell depletion, but also to direct inhibition of T cell responses ^hat 
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are dependent on the recognition of MHA II. The latter mechanism would imply 
that autoimmunity, like immunity to foreign antigens, requires a T cell response 
to MHA II. Our results are compatible with this possibility, but they do not 
prove it. We previously (22) treated B/W mice with mAb against Thy-1.2, an 
antigen expressed on all T cells. Although treatment reduced circulating L3T4* 
T cells by 75%, there was a comparable reduction in Lyt-2 + T cells, and no 
improvement in autoimmunity. The failure of anti-Thy-1.2 to improve autoim- 
munity despite depletion of L3T4 + cells suggests either that: (a) regulation of 
autoimmunity in B/W mice involves a balance between L3T4* cells and Lyt-2* 
cells that is not disturbed by treatment with anti-Thy-1.2; or (6) successful 
treatment with anti-LST4 requires functional impairment of the LST4 molecule. 

An important observation in our present studies was the relative lack of host 
immunity to the anti-L3T4 antibody. Previous attempts to use mAb as therapeu- 
tic agents in humans and in mice have been complicated by the development of 
a host immune response to the mAb (4, 9, 16, 17, 22). In B/W mice treated with 
rat anti-Thy-1.2 mAb (subclass IgG2b), the development of antibody to rat Ig 
was associated with accelerated mortality, even though autoimmunity was not 
affected (22). In autoimmune BXSB mice, treatment with anti-Thy-1.2 caused 
fatal anaphylaxis (22). The current study reemphasizes the potential hazards of 
treatment with foreign Ig, because administration of purified nonimmune rat 
IgG significantly reduced survival. In this context, the weak host immune 
response to rat anti-LST4 mAb (subclass IgG2b) takes on added significance. 
The ability to administer anti-L3T4 without generating high titers of host 
antibody to rat Ig may not only maximize the therapeutic effect of anti-L3T4, it 
may also minimize the risks associated with the host immune response to foreign 
protein. 

The lack of host immunity to repeated injections of anti-LST4 is the first 
demonstration that anti-L3T4 can interrupt the immune response in vivo. It 
remains to be determined if anti-L3T4 will block the in vivo response to foreign 
antigens other than itself, although it has been demonstrated (25) that anti-L3T4 
can block in vitro responses to foreign antigens that are presented in association 
with MHA II. Immune recognition of MHA II can also be blocked both in vitro 
and in vivo by mAb against MHA II (46-49). One group of researchers (50-52) 
have treated murine models for several autoimmune diseases with mAb against 
MHA II. This treatment was effective in experimental autoimmune encephalitis 
(50) and experimentally induced myasthenia gravis (51). It also increased survival 
in B/W mice, even though it did not reduce autoantibody production (52). In 
mice, MHA II are expressed on macrophages, B celb, and activated T cells (53), 
but it is not known whether successful treatment with mAb against MHA II is 
associated with depletion of these cell types. In humans, MHA II are expressed 
not only on certain lymphoid cells, but also on blood vessel endothelial celb (54). 
This may account for the severe toxicity of mAb against MHA II in monkeys 
(55), which may complicate the use.of anti-MHA, II in humans. Unlike lVfHA II, 
L3T4 appears to be restricted in. its expression to a distinct subpopulation of T 
lymphocytes and T lymphocyte precursors (24). Therefore, anti-L3T4 mAb may 
provide an alternative to the use of anti-MHA II mAb that would be more 
selective in its effect on the immune system. The human homologue for the 
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L3T4 antigen has been identified (23), and mAb against this antigen have already 
been used to prolong renal allograft survival in nonhuman primates (19). 

Treatment of B/W mice with anti-LST4 had profound effects on the immune 
system that raise questions about the immune competence of treated mice. The 
reduction in L3T4* T cells creates an imbalance between T cell subpopulations 
that resembles the distribution of T cell subsets in acquired immunodeficiency 
syndrome (AIDS) in people (56). The beneficial reduction in antibodies to 
double-stranded DNA and antibodies to rat Ig may reflect a more generalized 
impairment of humoral immunity. Our studies do not establish the significance 
of these alterations in cellular and humoral immunity, but they do provide some 
preliminary insight. Despite a 10-fold reduction in autoantibody concentration, 
treatment with anti-L3T4 did not significantly depress Ig levels. Moreover, 
treated mice did not develop infectious complications, even though they were 
housed without special precautions in our main animal colony. Studies are 
currently in progress in our laboratory to determine the precise effects of 
treatment with anti-L3T4 on immune competence in normal and autoimmune 
mice. 

The immunologic abnormalities in B/W mice closely parallel the immunologic 
abnormalities underlying SLE in humans. T lymphocytopenia, impaired sup- 
pressor T cell function, reduced lymphokine production, and B cell hyperactivity 
all occur in humans with SLE as well as in B/W mice, but the significance of 
these abnormalities remains controversial (32, 57-60). There is no fixed abnor- 
mality in the relative proportion of circulating T cell subsets in either B/W mice 
or humans with SLE (61), but our results make it clear that this does not exclude 
the possibility that T cells regulate autoimmunity in SLE. The similarities 
between SLE in humans and SLE in B/W mice suggest that they may share 
common pathogenetic mechanisms. Our findings m B/W mice therefore, support 
the hypothesis that autoimmunity in people with SLE is regulated by T cells. 
This hypothesis is consistent with recent studies indicating that total lymphoid 
irradiation (TLI) improves lupus nephritis in humans (62-64). Although the 
effect of TLI on lymphocyte subsets in SLE has not yet been determined, TLI 
causes prolonged depletion and impaired function of Leu-3/T4' 1 ' cells in people 
with rheumatoid arthritis (65-67). These observations add weight to the possi- 
bility that treatment with mAb against Leu-3/T4 would favorably influence the 
course of autoimmune disease in people with SLE. However, we believe that 
such treatment would be premature until the effects of anti-L3T4 or^ normal 
immune function have been thoroughly investigated. 

Summary 

Autoimmune NZB/NZW mice were treated with weekly injections of mono- 
clonal antibody (mAb) to L3T4, an antigen expressed on a distinct subpopulation 
of T cells that respond to class II major histocompatibility antigens. Treatment 
with anti-L3T4 depleted circulating target cells, reduced autoantibody produc- 
tion, retarded renal disease, and prolonged life relative to control mice treated 
either with saline or with purified nonimmune rat IgG. These findings establish 
that autoimmune disease in NZB/NZW mice is regulated by T cells. In contrast 
to mice treated with nonimmune rat IgG, mice treated with rat anti-L3T4 mAb 
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developed little or no antibody to rat Ig. Thus, the benefits of treatment with 
ami-L3T4 were achieved while minimizing the risks associated with a host 
immune response to therapy. This study raises the possibility that treatment with 
mAb against Leu-S/T4, the human homologue for LST4, might be effective in 
the treatment of certain autoimmune diseases in people. 

We thank Dr. Frank W. Filch for the generous gift of hybridoma GK1.5. We also thank 
Ann Stembridge for her expert technical contribution and Denise Jang for her valuable 
assistance in preparation of the manuscript. 
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SUCCESSFUL TREATMENT OF AUTOIMMUNITY IN NZB/NZW 
Fj MICE WITH MONOCLONAL ANTIBODY TO L3T4 



By DAVID WOFSY and WILLIAM E. SEAMAN 

From the Immunology/Arthritis Section, Veterans Administration Medical Center, and the 
Department of Medicine, University of California, San Francisco, California 94121 

The advent of hybridoma technology has rekindled hopes of using antibodies 
as specific therapeutic agents (1-4). Several reports have focused attention on 
the potential use of monoclonal antibodies (mAb) 1 either as antitumor agents 
(4-15) or as immunosuppressive agents designed to facilitate organ transplanta- 
tion (16-21). Early therapeutic trials in humans have demonstrated that certain 
mAb can be used to retard the progression of lymphoid malignancy (10, 1 1) or 
to reverse renal allograft rejection (17, 18). However, in most cases, the beneficial 
effects of treatment have been transient (4, 12-17) due in part to the develop- 
ment of host immunity to the administered mAb (4, 9, 16, 17). 

Recently, (22) we treated three murine models for systemic lupus erythema- 
tosus (SLE) with biweekly injections of rat anti-T cell (anti-Thy-1.2) mAb in 
order to examine the role of T cells in the pathogenesis of murine lupus and to 
explore the possibility of using anti lymphocyte mAb to treat autoimmunity. 
Treatment with anti-Thy-1 .2 substantially reduced circulating T cells in all three 
strains (MRL/ipr, NZB/NZW F,, BXSB), despite development of antibodies to 
rat Ig. Therapy was beneficial in MRL/lpr mice. It reduced autoantibody 
production, retarded renal disease, and markedly prolonged life. In contrast, 
treatment did not reduce autoimmunity in NZB/NZW Fi (B/W) mice, and it 
caused fatal anaphylaxis in BXSB mice. These findings demonstrate that antilym- 
phocyte mAb can serve as specific probes to examine the cells that contribute to 
autoimmunity. The results in MRL/lpr mice illustrate the potential therapeutic 
value of antilymphocyte mAb when a pathogenic cell subset can be identified. 
However, the results in BXSB mice emphasize equally the potential hazards of 
the host immune response to treatment with mAb. 

The development of a new rat mAb (GK1.5) reactive with mouse helper T 
cells provides an opportunity for a more selective approach to the study of T cell 
regulation of autoimmunity in murine lupus. This antibody recognizes a glyco- 
protein antigen, designated LST4, that is the mouse homologue for the human 
T cell a ntigen termed Leu-3 or T4 (23). Lik<? Leu-3/T4 in humans, L3T4 
This work was supported by the Veterans Administration, the State of California (contract 
85-00062). and the Northern California Chapter of the Arthritis Foundation. Address reprint 
requests to: Dr. David Wofsy. Arthritis/Immunology Section (11IR). Veterans Admmistrauon 
Medical Center. 4 1 50 dement Street, San Francisco, CA 94 1 21 . . 

» Abbreviations used in this paper: BGC, bovine gamma globulin; BSA, bovine serum albumin; 
BUN. blood urea nitrogen; ELISA; enzyme-linked immunosorbent assay; mAb, monoclonal antibody; 
MHA II. class II major histocompatibility antigens; SLE, systemic lupus erythematosus; TLI, total 
lymphoid irradiation. 
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participates in the T cell response to class II major histocompatibility antigens 
(MHA II) on antigen-presenting cells (24-28). Antibody to LST4 inhibits most 
MHA II-dependent T cell responses in vitro (25-27). Therefore, administration 
of mAb against L3T4 might alter immune responses in vivo and thereby 
influence the course of autoimmune disease. To test this hypothesis, we treated 
B/W female mice with weekly injections of GK1.5 (anti-L3T4) beginning at age 
4 mo. Treatment produced a sustained reduction in circulating T cells expressing 
L3T4. It also dramatically reduced autoantibody concentrations, retarded renal 
disease, and prolonged life. Mice treated with rat anti-L3T4 mAb developed 
little or no antibody to the administered rat Ig. In contrast, control mice treated 
with purified nonimmune rat IgG developed high titers of antibody to rat Ig. 
These findings establish that autoimmune disease in B/W mice is T cell- 
dependent. They further demonstrate that: (a) mAb directed against helper T 
cells can significantly improve autoimmune disease in B/W mice; and (b) the 
beneficial effects of treatment with anti-L3T4 may not be complicated by the 
development of a host immune response to therapy. 

Materials and Methods 

Mice. B/W mice were bred in our colony at the San Francisco Veterans Administration 
Medical Center from NZB females, purchased from The Jackson Laboratory, Bar Harbor, 
ME, and NZW males purchased from Simonsen Laboratory, Gilroy, CA 

Treatment Regimen, 10 mice were treated with a rat IgC2b mAb against L3T4, 
designated GK 1 .5 (23)* The hybridoma used to produce GK1.5 was generously provided 
by Dr. Frank W. Fitch, University of Chicago. Antibody to L3T4 was harvested as ascites 
from sublethally irradiated BALB/c mice, partially purified by ammonium sulfate precip- 
itation, dialyzed against phosphate-buffered saline, and quantified by protein electropho- 
resis and measurement of optical density. Treatment consisted of an initial intravenous 
injection of 2 mg of anti-LST4, followed by weekly intraperitoneal injections (2 mg per 
mouse). In preliminary studies, we determined that an intravenous injection of 2 mg of 
anti-L3T4 produces saturation binding of circulating and splenic target cells, and substan- 
tial, though incomplete, binding of L3T4* lymph node cells and thymocytes (unpublished 
data). Two control groups were also studied: one group (10 mice) received weekly 2-mg 
injections of chromatographically purified rat IgG (Cappel Laboratories, Cochran ville, 
PA); the other group (1 1 mice) received saline. 

Fluorescence Analysis of Lymphocyte Subpopulations. Peripheral blood was obtained from 
individual mice by retroorbital bleeding into heparinized pipettes. Mononuclear cells were 
separated by centrifugation over Lympholyte-M (Cedar lane Laboratories, Ontario, Can- 
ada), and quantified using a Coulter ZBI cell counter (Coulter Electronics, Inc., Hialeah, 
FL). Mononuclear cell subsets were identified by staining with fluorescein-conjugated 
mAb, as described previously (29). The antibodies used for analysis included: anti-Thy- 
1.2 (30-H12) to identify all T cells, anti-L3T4 (GKi.5) and anti-Lyt-2 (55-6) to identify 
the major T cell subsets, and anti-ThB (53-9) to identify B cells. Fluorescein-conjugated 
mouse anti-rat kappa chain mAb (MAR 18.5; B-D FACS Systems, Sunnyvale, CA) was 
used to detect anti-L3T4 on target cell surfaces. Except as noted, fluorescence analysis 
was always performed immediately before treatment, i.e., 1 wk after the previous injection. 

Assessment of Renal Disease. Blood urea nitrogen (BUN) was determined on samples 
from individual mice using a CentrifiChem System. 400 (Union Carbide, Danbury, ,CT). 
Proteinuria was measured colorimetrically by the use of Albustix (Miles Laboratories Inc., 
Elkhart, IN). This produces an approximation of proteinuria as follows: trace, 10 mg/dl; 
1+, 30 mg/dl; 2+, 100 mg/dl; 3+, 300 mg/dl; 4+, 1,000 mg/dl. All measurements of 
proteinuria were performed by an observer who had no knowledge of the given treatment. 

Measurement of Serum Antibodies to Double-stranded DNA. Anti-DN A antibody concen- 
trations were assessed by a solid phase enzyme-linked immunosorbent assay (ELISA) 
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derived from the method of Fish and ZifF (30). Immulon II polvvinyl microtitration trays 
were coated sequentially with a 50 pg/m\ solution of poly-Mysine (Sigma Chemical Co., 
St. Louis, MO) in 0.1 M Tris-HCI buffer, pH 7.3 (75 Mg/well), a 20 ng/m\ solution of 
poIy(dA-dT) (Sigma Chemical Co.) in Tris buffer (75 pl/well), and a 2% solution of bovine 
serum albumin (BSA) (Sigma Chemical Co.) in Tris buffer (250 pl/well). Serum samples 
that had been serially diluted in Tris buffer containing 1% BSA and 2% bovine gamma 
globulin (BGG) (Sigma Chemical Co.) were then incubated at 75 /il/well for 2 .5 h at room 
temperature. The wells were then washed five times and incubated with peroxidase- 
conjugated goat anti-mouse Ig that had been extensively absorbed with rat Ig (0.3 fig/ 
well; Cappel Laboratories). After incubation at room temperature for 1 h, the wells were 
washed five times and treated in the dark for 10 min with o-phenylenediamine (100 u\/ 
well). The enzymatic reaction was stopped with 2 N HjS0 4 (200 pl/well), and absorbance 
was measured at 490 nm. Serum from adult MRL///>r and C57BL/6 mice served as 
positive and negative controls, respectively. The specificity of the assay was demonstrated 
using wells that had not been coated with poly(dA-dT). 

Measurement of Serum Antibodies to Rat Ig. Antibodies to rat Ig were measured by an 
ELISA technique similar to the one described above. Briefly, Immulon II polyvinyl 
microtitration trays were coated with rat Ig mAb (0.5 ug 30-H12/well) followed by 2% 
BSA in 0.1 M Tris-HCI buffer. Serum samples were serially diluted in Tris buffer 
containing \% BSA and 2% BGG, then incubated at 75 ul/well for 1.5 h at room 
temperature. The wells were then washed, incubated with peroxidase-conjugated goat 
anti-mouse Ig that had been absorbed with rat Ig, washed again, and then treated in the 
dark with o-phenylenediamine exactly as described above. Mouse anti-rat kappa chain 
mAb (MAR 18.5) and normal mouse serum served as positive and negative controls, 
respectively. , r w 

Measurement of Serum IgM and IgC Levels. Serum concentrations of mouse IgM and 
IgC were measured by ELISA. Immulon II polyvinyl microtitration trays were coated 
with a 10 Mg/ml solution of either goat anti-mouse IgG or goat anti-mouse IgM (both, 
Cappel Laboratories), followed by 2% BSA in 0.1 M Tris-HCI buffer. Serum samples 
were serially diluted in Tris buffer containing \% BSA and 2% BGG, then incubated at 
75 jil/well for 1.5 h at room temperature. The wells were then washed, incubated with 
peroxidase-conjugated goat anti-mouse Ig that had been absorbed with rat Ig, washed 
again, and then treated in the dark with o-phenylenediamine, as described above. Purified 
mouse IgM and IgG (Miles Laboratories) were used to generate standard curves and 
document the specificity of the assay. 

Results 

Effect of Age on Circulating Lymphocyte Subpopulatwns in Untreated B/W Mice. In 
control B/W mice treated with saline, there v was a spontaneous age-dependent 
reduction in circulating T lymphocytes (Fig. 1, A and B). The number of 
circulating B lymphocytes remained relatively constant (Fig. 1 C). Although T 
cell counts fell by -50% between 4 and 8 mo of age, L3T4* cells and Lyt-2 + 
cells were comparably affected and, therefore, the L3T4/Lyt-2 (helper/suppres- 
sor) ratio remained constant (Fig. 1 D). Treatment with weekly injections of 
nonimmune rat IgG did not affect the spontaneous progressive changes in 
circulating lymphocyte subpopulations in B/W mice. 

Effect of Treatment With Anti-L3T4 mAb on Circulating Lymphocyte Subpopula- 
tions. Treatment of B/W mice with weekly injections of anti-L3T4 mAb pro- 
duced a dramatic and sustained reduction in circulating -LST4t lymphocytes 
(Fig. I A). Circulating LST4 + cells were reduced by 30% 24 h after the first 
injection, by 90% 1 wk later, and by 95% thereafter. Fluorescence analysis of 
circulating lymphocytes using mouse anti-rat kappa chain mAb demonstrated 
persistence of administered antibody on the few remaining target cells 7 d after 
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Figure 1. Circulating lymphocyte subpopulations In B/W mice treated with weekly injec- 
tions of saline (O), nonimmune rat IgC U). or anii-L3T4 mAb (■) beginning at age 4 mo. 
Helper T cells, suppressor/cytotoxic T cells, and B cells were identified using fluorescein- 
conjugated antt-L3T4 mAb (A), anti-Lyv2 (fi), and anti-Thy B (C), respectively. The relative 
proportion of L3T4* and Lyt-2* T cells is shown in D. 

injection. Staining with fluorescein-conjugated anti-Thy-1.2 mAb and anti-Lyt-2 
established that, after 1 wk of therapy, >90% of circulating T cells in treated 
mice expressed Lyt-2, indicating that the reduction in LST4* T cells reflected 
target cell depletion rather than antigen modulation. The effect of treatment 
with anti-L3T4 was specific. The number of circulating B cells and Lyt-2 + T 
cells remained stable in treated mice (Fig. 1, 3 and C). The mean L3T4/Lyt-2 
ratio in treated mice was 0.1:1, compared with 2.6: f, in untreated mice. 

Host Immune Response to Treatment. Control mice treated with nonimmune 
rat IgG all developed high titers of antibody to rat Ig (Fig- 2). Host antibodies 
were detectable 7 d after the first injection of rat IgG and rapidly rose to a peak 
mean titer of 1:4,500. In contrast, only 3 of 10 mice treated with rat anti-L3T4 
mAb developed antibodies to rat Ig. In these mice, antibodies to rat Ig first 
appeared after 2-3 mo of therapy and were present only in relatively low titer 
(<1:400). 7 of the 10 treated mice never developed detectable antibody to rat 
Ig. This is in striking contrast to our previous observation that B/W mice treated 
with rat anti-Thy-1.2 mAb of the same isotype as anti-L3T4 all develop high 
titers of anti-rat Ig (22). 

Anti-LST4 Reduces Autoimmunity. Treatment of B/W mice with anti-LST4 
mAb prevented development of high titers of antibody to double-stranded DNA 
(Fig. 3). Although small amounts of anti-DNA antibody appeared within the first 
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Figure 2. Geometric mean titer ($ SEM)of antibodies to rat Ig in B/W mice treated with 
saline (O), nonimmune rat IgC (A), or anu-L3T4 mAb W* The shaded area indicates assay 
results using normal mouse sera as negative controls. 
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Figure 3. Geometric mean titer (¥ SEM) of antibody to double-stranded DNA in 
B/W mice treated with saline (O), nonimmune rat IgG (A), or anti*LST4 mAb (■). The shaded 
area indicates the titer of anti-DNA antibody (<1 :200) in normal (C57BL/6) mice. 

2 mo of therapy with ami-L3T4, the titers of anti-DNA antibody were markedly 
lower in treated mice than in control mice, and the titers remained low through- 
out the duration of therapy. At age 8 mo, the geometric mean titer of anti-DNA 
antibody was 1:2,200 $ 1.2 in mice treated with saline, 1:1,500 $ 1.5 in mice 
treated with nonimmune rat Ig, and 1:270 $ 1.1 in mice treated with anti-LST4 
{P < 0.0005 compared with either control group; Student's t test). The reduction 
in anti-DNA antibody did not reflect a generalized reduction in total Ig levels in 
treated mice (Table I). After 4 mo of treatment, there was a slight reduction in 
the mean IgG concentration in treated mice that was not statistically significant. 
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Table I 

Effect of Treatment on Ig Concentration 



Treatment 




lgM» 






4-mo-oW 


8*mo-old 


4-mo-old 


8-mo-old 


Saline 
Rat IgG 
Anti-L3T4 


9.5*0.2 
9.6 ± 0.2 
9.6 ± 0.2 


9.2 ± 0.2 
9.6 ± 0.2 
10.3 ±0.2* 


15.5 ±0.2 
15.7 ±0.3 
15.5 ±0.3 


15.7 ±0.2 
15.5 ± 0.6 
15.2 ±0.3 



* Logt titer (* ± SEM) as measured by ELISA. 

* P < 0.05 compared to pretreatment IgM levels and to IgM levels in both control groups. 



60 n 




L3T4 mAb (■). 

However, there was a significant increase in the mean IgM concentration in 
treated mice compared with pretreatment levels, and with IgM levels in control 
mice. Increased plasma IgM has been reported previously (3 1) in association with 
successful treatment of B/W mice. 

AnthL3T4 Reduces Renal Disease. The reduction in anti-DNA antibody con- 
centration in mice treated with anti-L3T4 was associated with a significant 
reduction in renal disease. Renal function, as assessed by BUN, deteriorated 
steadily in both control groups, but was preserved in mice treated with anti- 
L3T4 (Fig. 4). Renal insufficiency occurred earliest in mice treated with non- 
immune rat IgG, perhaps as a consequence of the host immune response to rat 
Ig. At age 7 mo, the mean BUN in mice treated with rat IgG was 34.2 ±12.1 
mg/dl, compared to 18.5 ± 2.7 mg/dl in mice treated with saline (P < 0.05; 
Mann-Whitney U test) and 13.1 ± 0.8 mg/dl in mice treated with anti-L3T4 
(P < 0.01 compared with rat IgG treatment; P < 0.05 compared with saline 
treatment). By 9 mo, the mean BUN in mice treated with saline rose to 38.0 ± 
1 1.6 mg/dl, compared with 14.3 ± 0.9 mg/dl in mice treated with anti-L3T4 (P 
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< 0.01). Severe proteinuria (fcS+) developed in 50-60% of mice in each control 
group, but in none of the mice treated with anti-L3T4 (P < 0.05; chi-square 
analysis) (Fig. 5). Moderate proteinuria (2+) developed in 16 of 21 control mice 
but in only 2 of 10 treated mice (P < 0.05). These two mice were among the 
three treated mice that developed low titers of antibody to rat Ig, suggesting 
that the immune response to rat Ig may have contributed to the development of 
proteinuria. 

Anti-UT4 Prolongs Survival Treatment with anti-L3T4 mAb dramatically 
prolonged life (Fig. 6). Median survival was 9.3 mo in mice treated with saline 
and 7,6 mo in mice treated with rat IgG. In contrast, all of the mice treated with 
anti-L3T4 are still alive at 10 mo. The difference in 10-mo survival between 




Proteinuria 2 3+ 




AGE (months) j 
Figure 5. Frequency of significant proteinuria in B/W mice treated with saline (O). nonim- 
mune rat IgG (A), or anti-L3T4 mAb (■). (A) Percent of mice with proteinuria a2+ (100 
mg/dl). (B) Percent of mice with proteinuria £5+ (300 mg/dl). To reflect accurately the 
development of renal disease in all mice, each point reflects the current level of proteinuria in 
surviving mice, as well as the last measurement of proteinuria in deceased mice. 
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Figure 6. Survival in B/W mice treated with saline (O). nonimmune rat IgG (A), or anii- 
L3T4 mAb (■). 
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mice treated with anti-L3T4 and control mice is strongly significant (P < 0.001 
compared with the saline control group; P < 0.00001 compared with the rat IgG 
control group; chi-square analysis). The difference in mean survival between the 
two control groups is also statistically significant (P < 0.05; t test), i.e., treatment 
with nonimmune rat Ig accelerated mortality. 

Discussion 

To clarify the role of helper T cells in the pathogenesis of autoimmune disease 
in the B/W model for SLE, we treated female B/W mice with repeated injections 
of a rat mAb directed against the mouse helper T cell antigen, L3T4. Treatment 
depleted circulating target cells, reduced autoantibody production, retarded 
renal disease, and prolonged life. Moreover, treated mice produced little or no 
host antibodies to the administered rat mAb. These findings provide the first 
clear demonstration that autoimmune disease in B/W mice is T cell dependent. 
They further suggest that mAb directed against specific helper T cell antigens 
may be effective in the treatment of certain autoimmune diseases, and that the 
therapeutic benefit may be achieved without provoking an undesirable, and 
potentially hazardous, immune response to the mAb. 

For two decades, the B/W strain has been studied (32, 53) as a model for SLE 
in humans. Early studies (34-37) focused attention on T cell abnormalities in 
B/W mice, emphasizing defects in suppressor T cell number and function. Recent 
studies, however, have cast doubt on the significance of these T cell abnormalities. 
For example, neonatal thymectomy has little effect on the course of autoimmu- 
nity in B/W mice (38), but elimination of a specific subset of B cells prevents 
autoimmune disease (39). Other studies, demonstrating B cell abnormalities, and 
indicating that B cell abnormalities may precede demonstrable T cell abnormal- 
ities in B/W mice, have suggested that autoimmunity in these mice may reflect a 
primary B cell defect, and that T cell defects may be secondary phenomena (40- 
43). Our results demonstrate conclusively that T cells, specifically helper T cells, 
play an important role in the pathogenesis of autoimmune disease in B/W mice. 
If primary defects occur in other cell types, particularly B lymphocytes, these 
cells nonetheless require helper T cells for the expression of disease. 

It has been postulated that autoimmunity in B/W mice might reflect selective 
loss of suppressor T cells (36, 37), perhaps as a consequence of the action of 
natural thymocytotoxic antibodies (44, 45). Our findings in untreated B/W mice 
show that, although progressive T lymphocytopenia occurs, there is no selective 
effect on suppressor (Lyt-2 + ) T cells. Rather, both major T cell subsets are 
comparably reduced, and the L3T4/Lyt-2 ratio is unchanged. There is, thus, no 
numerical imbalance between helper and suppressor/cytotoxic T cells, although 
functional differences cannot be excluded. 

The L3T4 molecule is expressed on a distinct subpopulation of T cells 
previously referred to descriptively as helper T cells. More precisely, L3T4 
identifies T cells that respond to MHA II on antigen-presenting cells (24-27). 
The functional importance of the L3T4 molecule is demonstrated by the obser- 
vation that mAb against L3T4 blocks in vitro T cell responses to MHA II (25- 
27). The beneficial effects of anti-L3T4 in B/W mice may, therefore, be due not 
only to target cell depletion, but also to direct inhibition of T cell responses that 
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are dependent on the recognition of MHA II. The latter mechanism would imply 
that autoimmunity, like immunity to foreign antigens, requires a T cell response 
to MHA II. Our results are compatible with this possibility* but they do not 
prove it. We previously (22) treated B/W mice with mAb against Thy-1.2, an 
antigen expressed on all T cells. Although treatment reduced circulating L3T4 + 
T cells by 75%, there was a comparable reduction in Lyt-2 + T cells, and no 
improvement in autoimmunity. The failure of anti-Thy-1.2 to improve autoim- 
munity despite depletion of L3T4* cells suggests either that: (a) regulation of 
autoimmunity in B/W mice involves a balance between L3T4* cells and Lyt-2* 
cells that is not disturbed by treatment with anti-Thy-1.2; or (b) successful 
treatment with anti-L3T4 requires functional impairment of the LST4 molecule. 

An important observation in our present studies was the relative lack of host 
immunity to the anti-L3T4 antibody. Previous attempts to use mAb as therapeu- 
tic agents in humans and in mice have been complicated by the development of 
a host immune response to the mAb (4 ( 9, 16. 17, 22). In B/W mice treated with 
rat anti-Thy-1.2 mAb (subclass IgG2b), the development of antibody to rat Ig 
was associated with accelerated mortality, even though autoimmunity was not 
affected (22). In autoimmune BXSB mice, treatment with anti-Thy-1.2 caused 
fatal anaphylaxis (22). The current study reemphasizes the potential hazards of 
treatment with foreign Ig, because administration of purified nonimmune rat 
IgG significantly reduced survival. In this context, the weak host immune 
response to rat anti-LST4 mAb (subclass IgG2b) takes on added significance. 
The ability to administer anti-L3T4 without generating high titers of host 
antibody to rat Ig may not only maximize the therapeutic effect of anti-LST4, it 
may also minimize the risks associated with the host immune response to foreign 
protein. 

The lack of host immunity to repeated injections of anti-LST4 is the first 
demonstration that anti*LST4 can interrupt the immune response in vivo. It 
remains to be determined if anti-L3T4 will block the in vivo response to foreign 
antigens other than itself, although it has been demonstrated (25) that anti-L3T4 
can block in vitro responses to foreign antigens that are presented in association 
with MHA II. Immune recognition of MHA II can also be blocked both in vitro 
and in vivo by mAb against MHA II (46-49). One group of researchers (50-52) 
have treated murine models for several autoimmune diseases with mAb against 
MHA II. This treatment was effective in experimental autoimmune encephalitis 
(50) and experimentally induced myasthenia gravis (51). It also increased survival 
in B/W mice, even though it did not reduce autoantibody production (52). In 
mice, MHA II are expressed on macrophages, B cells, and activated T cells (53), 
but it is not known whether successful treatment with mAb against MHA II is 
associated with depletion of these cell types. In humans, MHA II are expressed 
not only on certain lymphoid cells, but also on blood vessel endothelial cells (54). 
This may account for the severe toxicity of mAb against MHA II in monkeys 
(55), which may complicate the use.of anti-MHA II in humans. Unlike MHA II, 
L3T4 appears to be restricted in, its expression to a distinct subpopulation of T 
lymphocytes and T lymphocyte precursors (24). Therefore, anti-L3T4 mAb may 
provide an alternative to the use of anti-MHA II mAb that would be more 
selective in its effect on the immune system. The human homologue for the 
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LST4 antigen has been identified (23), and mAb against this antigen have already 
been used to prolong renal allograft survival in nonhuman primates (19). 

Treatment of B/W mice with anti-L5T4 had profound effects on the immune 
system that raise questions about the immune competence of treated mice. The 
reduction in LST4* T cells creates an imbalance between T cell subpopulations 
that resembles the distribution of T cell subsets in acquired immunodeficiency 
syndrome (AIDS) in people (56). The beneficial reduction in antibodies to 
double-stranded DNA and antibodies to rat Ig may reflect a more generalized 
impairment of humoral immunity. Our studies do not establish the significance 
of these alterations in cellular and humoral immunity, but they do provide some 
preliminary insight. Despite a 10-fold reduction in autoantibody concentration, 
treatment with anti-L3T4 did not significantly depress Ig levels. Moreover, 
treated mice did not develop infectious complications, even though they were 
housed without special precautions in our main animal colony. Studies are 
currently in progress in our laboratory to determine the precise effects of 
treatment with anti-LST4 on immune competence in normal and autoimmune 
mice. 

The immunologic abnormalities in B/W mice closely parallel the immunologic 
abnormalities underlying SLE in humans. T lymphocytopenia, impaired sup- 
pressor T cell function, reduced lymphokine production, and B cell hyperactivity 
all occur in humans with SLE as well as in B/W mice, but the significance of 
these abnormalities remains controversial (32, 57-60). There is no fixed abnor- 
mality in the relative proportion of circulating T cell subsets in either B/W mice 
or humans with SLE (61), but our results make it clear that this does not exclude 
the possibility that T cells regulate autoimmunity in SLE, The similarities 
between SLE in humans and SLE in B/W mice suggest that they may share 
common pathogenetic mechanisms. Our findings hi B/W mice therefore, support 
the hypothesis that autoimmunity in people with SLE is regulated by T cells. 
This hypothesis is consistent with recent studies indicating that total lymphoid 
irradiation (TLI) improves lupus nephritis in humans (62-64). Although the 
effect of TLI on lymphocyte subsets in SLE has not yet been determined, TLI 
causes prolonged depletion and impaired function of Leu-S/T4 + cells in people 
with rheumatoid arthritis (65-67). These observations add weight to the possi- 
bility that treatment with mAb against Leu-S/T4 would favorably influence the 
course of autoimmune disease in people with SLE. However, we believe that 
such treatment would be premature until the effects of anu-L3T4 ofl normal 
immune function have been thoroughly investigated. 

Summary 

Autoimmune NZB/NZW mice were treated with weekly injections of mono- 
clonal antibody (mAb) to L3T4, an antigen expressed on a distinct subpopulation 
of T cells that respond to class II major histocompatibility antigens. Treatment 
with anti-L3T4 depleted circulating target cells, reduced autoantibody produc- 
tion, retarded renal disease, and prolonged life relative to control mice treated 
either with saline or with purified nonimmune rat IgG, These findings establish 
that autoimmune disease in NZB/NZW mice is regulated by T cells. In contrast 
to mice treated with nonimmune rat IgG, mice treated with rat anti-L3T4 mAb 
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developed little or no antibody to rat Ig. Thus, the benefits of treatment with 
anti-L3T4 were achieved while minimizing the risks associated with a host 
immune response to therapy. This study raises the possibility that treatment with 
mAb against Leu-S/T4, the human homologue for L3T4, might be effective in 
the treatment of certain autoimmune diseases in people. 

We thank Dr. Frank W. Fitch for the generous gift of hybridoma GK1.5. We also thank 
Ann Stembridge for her expert technical contribution and Denise Jang for her valuable 
assistance in preparation of the manuscript. 
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SUCCESSFUL TREATMENT OF AUTOIMMUNITY IN NZB/NZW 
F, MICE WITH MONOCLONAL ANTIBODY TO L3T4 



BY DAVID WOFSY AND WILLIAM E. SEAMAN 

from the Immunology/Arthritis Section, Veterans Administration Medical Center, and the 
Department of Medicine, University of California, San Francisco, California 941 21 

The advent of hybridoma technology has rekindled hopes of using antibodies 
as specific therapeutic agents (1-4). Several reports have focused attention on 
the potential use of monoclonal antibodies (mAb) 1 either as antitumor agents 
(4-15) or as immunosuppressive agents designed to facilitate organ transplanta- 
tion (16-21). Early therapeutic trials in humans have demonstrated that certain 
mAb can be used to retard the progression of lymphoid malignancy (10, 1 1) or 
to reverse renal allograft rejection (17,1 8). However, in most cases, the beneficial 
effects of treatment have been transient (4, 12-17) due in part to the develop- 
ment of host immunity to the administered mAb (4 t 9, 16, 17). 

Recently, (22) we treated three murine models for systemic lupus erythema- 
tosus (SLE) with biweekly injections of rat anti-T cell (anti-Thy-1.2) mAb in 
order to examine the role of T cells in the pathogenesis of murine lupus and to 
explore the possibility of using antilymphocyte mAb to treat autoimmunity. 
Treatment with anti-Thy-1 .2 substantially reduced circulating T cells in all three 
strains (MRL/lpr, NZB/NZW F,, BXSB), despite development of antibodies to 
rat Ig. Therapy was beneficial in MRL/lpr mice. It reduced autoantibody 
production, retarded renal disease, and markedly prolonged life. In contrast, 
treatment did not reduce autoimmunity in NZB/NZW F, (B/W) mice, and it 
caused fatal anaphylaxis in BXSB mice. These findings demonstrate that antilym- 
phocyte mAb can serve as specific probes to examine the cells that contribute to 
autoimmunity. The results in MRL/lpr mice illustrate the potential therapeutic 
value of antilymphocyte mAb when a pathogenic cell subset can be identified. 
However, the results in BXSB mice emphasize equally the potential hazards of 
the host immune response to treatment with mAb. 

The development of a new rat mAb (GK1.5) reactive with mouse helper T 
cells provides an opportunity for a more selective approach to the study of T cell 
regulation of autoimmunity in murine lupus. This antibody recognizes a glyco- 
protein antigen, designated L3T4, that is the mouse homologue for the human 
T cell a ntigen termed Leu-3 or T4 (23). Like Leu-3/T4 in humans, L3T4 
This work was supported by the Veterans Administration, the State of California (contract 
83-00062) and the Northern California Chapter or the Arthritis Foundation. Address reprint 
requests to: Dr. David Wofsy. Arthritis/Immunology Section (111R), Veterans Administration 
Medical Center. 4150 Clement Street, San Francisco, CA 941 21. 

1 Abbreviations used in this paper: BGC, bovine gamma globulin; BSA, bovine serum albumin; 
BUN, blood urea nitrogen; ELISA; enzyme-linked immunosorbent assay; mAb, monoclonal antibody; 
MHA II, class II major histocompatibility antigens; SLE, systemic lupus erythematosus; TU, total 
lymphoid irradiation. 
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participates in the T cell response to class II major histocompatibility antigens 
(MHA II) on antigen-presenting cells (24-28). Antibody to L3T4 inhibits most 
MHA II-dependent T cell responses in vitro (25-27). Therefore, administration 
of mAb against L3T4 might alter immune responses in vivo and thereby 
influence the course of autoimmune disease. To test this hypothesis, we treated 
B/W female mice with weekly injections of GK1.5 (anti-LST4) beginning at age 
4 mo. Treatment produced a sustained reduction in circulating T cells expressing 
L3T4. It also dramatically reduced autoantibody concentrations, retarded renal 
disease, and prolonged life. Mice treated with rat anti-L3T4 mAb developed 
little or no antibody to the administered rat Ig. In contrast, control mice treated 
with purified nonimmune rat IgG developed high titers of antibody to rat Ig. 
These findings establish that autoimmune disease in B/W mice is T cell- 
dependent. They further demonstrate that: (a) mAb directed against helper T 
cells can significantly improve autoimmune disease in B/W mice; and (b) the 
beneficial effects of treatment with anti-LST4 may not be complicated by the 
development of a host immune response to therapy. 

Materials and Methods 

Mice. B/W mice were bred in our colony at the San Francisco Veterans Administration 
Medical Center from NZB females, purchased from The Jackson Laboratory, Bar Harbor, 
ME, and NZW males purchased from Simonsen Laboratory, Gilroy, CA 

Treatment Regimen. 10 mice were treated with a rat IgG2b mAb against L3T4, 
designated GK1.5 (23). The hybridoma used to produce GK1 .5 was generously provided 
by Dr. Frank W. Fitch, University of Chicago. Anu'body to L3T4 was harvested as ascites 
from sublethally irradiated BALB/c mice, partially punfied by ammonium sulfate precip- 
itation, dialyzea against phosphate-buffered saline, and quantified by protein electropho- 
resis and measurement of optical density. Treatment consisted of an initial intravenous 
injection of 2 mg of anti-L3T4, followed by weekly intraperitoneal injections (2 mg per 
mouse). In preliminary studies, we determined that an intravenous injection of 2 mg of 
anti-L3T4 produces saturation binding of circulating and splenic target cells, and substan- 
tial, though incomplete, binding of L3J4* lymph node cells and thymocytes (unpublished 
data). Two control groups were also studied: one group (10 mice) received weekly 2-mg 
injections of chromatographically purified rat IgG (Cappel Laboratories, Cochran ville, 
PA); the other group (1 1 mice) received saline. 

Fluorescence Analysis of Lymphocyte Subpopulations. Peripheral blood was obtained from 
individual mice by retroorbital bleeding into heparinized pipettes. Mononuclear cells were 
separated by cemrifugation over Lympholyte-M (Cedarlane Laboratories, Ontario, Can- 
ada), and quantified using a Coulter ZBI cell counter (Coulter Electronics, Inc., Hialeah, 
FL). Mononuclear cell subsets were identified by staining with fluorescein-conjugated 
mAb, as described previously (29). The antibodies used for analysis included: anti-Thy- 
1.2 (30-H12) to identify all T cells. anti-L3T4 (GK1.5) and anti-Lyt-2 (53-6) to identify 
the major T cell subsets, and anti-ThB (53-9) to identify B cells. Fluorescein-conjugated 
mouse anti-rat kappa chain mAb (MAR 18.5; B-D FACS Systems, Sunnyvale, CA) was 
used to detect ami-L3T4 on target cell surfaces. Except as noted, fluorescence analysis 
wasalways performed immediately before treatment, i.e., 1 wk after the previous injection. 

Assessment of Renal Disease. Blood urea nitrogen (BUN) was determined on samples 
from individual mice using a CentrifiChem System. 400 (Union Carbide, Danbury, .CT). 
Proteinuria was measured colorimetrically by the use of Albustix (Miles Laboratories Inc., 
Elkhart, IN). This produces an approximation of proteinuria as follows: trace, 10 mg/dl; 
1+, 30 mg/dl; 2+, 100 mg/dl; 3+, 300 mg/dl; 4+, 1,000 mg/dl. All measurements of 
proteinuria were performed by an observer who had no knowledge of the given treatment. 

Measurement of Serum Antibodies to DoubU*stranded DNA. Anti-DN A antibody concen- 
trations were assessed by a solid phase enzyme-linked immunosorbent assay (ELISA) 
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derived from the method of Fish and Ziff (30). Immulon II polyvinyl microutration trays 
were coated sequentially with a 50 fig/m\ solution of poly-i^lysine (Sigma Chemical Co., 
St. Louis, MO) in O.i M Tris-HCI buffer, pH 7.3 (75 Mg/well), a 20 ug/m\ solution of 
poly(dA-dT) (Sigma Chemical Co.) in Tris buffer (75 ri/wcll), and a 2% solution of bovine 
serum albumin (BSA) (Sigma Chemical Co.) in Tris buffer (250 jil/well). Serum samples 
thai had been serially diluted in Tris buffer containing 1% BSA and 2% bovine gamma 
globulin (BGG) (Sigma Chemical Co.) were then incubated at 75 pl/well for 1 .5 h at room 
temperature. The wells were then washed five times and incubated with peroxidase- 
conjugated goat anti-mouse Ig that had been extensively absorbed with rat Ig (0.3 jig/ 
well; Cappel Laboratories). After incubation at room temperature for I h, the wells were 
washed five times and treated in the dark for 10 min with o-phenylenedbmine (100 y\f 
well). The enzymatic reaction was stopped with 2 N HaSO« (200 jil/well), and absorbance 
was measured at 490 nm. Serum from adult MRL/lpr and C57BL/6 mice served as 
positive and negative controls, respectively. The specificity of the assay was demonstrated 
using wells that had not been coated with poly(dA-dT). 

Measurement of Serum Antibodies to Rat Ig. Antibodies to rat Ig were measured by an 
ELISA technique simitar to the one described above. Briefly, Immulon II polyvinyl 
microtitration trays were coated with rat Ig mAb (0.5 fig 30-H12/well) followed by 2% 
BSA in 0.1 M Tris-HCI buffer. Serum samples were serially diluted in Tris buffer 
containing 1% BSA and 2% BGG, then incubated at 75 Ml/well for 1.5 h at room 
temperature. The wells were then washed, incubated with peroxidase-conjugated goat 
anti-mouse Ig that had been absorbed with rat Ig, washed again, and then treated in the 
dark with o-phenylenediaminc exactly as described above. Mouse anti-rat kappa chain 
mAb (MAR 18.5) and normal mouse serum served as positive and negative controls, 
respectively. . 

Measurement of Serum IgM and IgC Levels. Serum concentrations of mouse IgM and 
IgG were measured by ELISA. Immulon II polyvinyl microtitration trays were coated 
with a 10 ng/m\ solution of either goat anti-mouse IgG or goat anti-mouse IgM (both, 
Cappel Laboratories), followed by 2% BSA in 0.1 M Tris-HCI buffer. Serum samples 
were serially diluted in Tris bufTer containing 1% BSA and 2% BGG, then incubated at 
75 /il/well for 1.5 h at room temperature. The wells were then washed, incubated with 
peroxidase-conjugated goat anti-mouse Ig that had been absorbed with rat Ig, washed 
again, and then treated in the dark with o-phenylenediamine, as described above. Purified 
mouse IgM and IgG (Miles Laboratories) were used to generate standard curves and 
document the specificity of the assay. 

Results 

Effect of Age on Circulating Lymphocyte Subpopulations in Untreated B/W Mice. In 
control B/W mice treated with saline, there .was a spontaneous age-dependent 
reduction in circulating T lymphocytes (Fig. 1, A and B). The number of 
circulating B lymphocytes remained relatively constant (Fig. 1 C). Although T 
cell counts fell by -5096 between 4 and 8 mo of age, LST4* cells and Lyt-2 + 
cells were comparably affected and, therefore, the L3T4/Lyt-2 (helper/suppres- 
sor) ratio remained constant (Fig. 1 D). Treatment with weekly injections of 
nonimmune rat IgG did not affect the spontaneous progressive changes in 
circulating lymphocyte subpopulations in B/W mice. 

Effect of Treatment With Anti-L3T4 mAb on Circulating Lymphocyte Subpopula- 
tions. Treatment of B/W mice with weekly injections of anti-L3T4 mAb pro- 
duced a dramatic and sustained reduction in circulating : LST4* lymphocytes 
(Fig. 1A). Circulating L3T4+ cells were reduced by 30% 24 h after the first 
injection, by 90% 1 wk later, and by 95% thereafter. Fluorescence analysis of 
circulating lymphocytes using mouse anti-rat kappa chain mAb demonstrated 
persistence of administered antibody on the few remaining target cells 7 d after 
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Figure 1. Circulating lymphocyte subpopulationa in B/W mice treated with weekly injec- 
tion* of saline (O). nonimmune rat IgC (a), or anti-L3T4 mAb <■) beginning at age 4 mo. 
Helper T cells, suppressor/cytotoxic T cells, and B cells were identified using fluorescem- 
conjugated anti-LST4 mAb (A), anti-Lyt-2 (B), and anti-Thy B <C), respectively. The relative 
proportion of LST4* and Lyt-2* T cells is shown in D. 

injection. Staining with fluorescein-conjugated anti-Thy-1.2 mAb and anti-Lyt-2 
established that, after 1 wk of therapy, >90% of circulating T cells in treated 
mice expressed Lyt-2, indicating that the reduction in L8T4* T cells reflected 
target cell depletion rather than antigen modulation. The effect of treatment 
with anti-L3T4 was specific. The number of circulating B cells and Lyt-2 + T 
cells remained stable in treated mice (Fig. 1, B and C). The mean L3T4/Lyt-2 
ratio in treated mice was 0.1:1, compared with 2.6:1', in untreated mice. 

Host Immune Response to Treatment Control mice treated with nonimmune 
rat IgG all developed high titers of antibody, to rat Ig (Fig. 2). Host antibodies 
were detectable 7 d after the first injection of rat IgC and rapidly rose to a peak 
mean titer of 1:4,500. In contrast, only 3 of 10 mice treated with rat anti-L3T4 
mAb developed antibodies to rat Ig. In these mice, antibodies to rat Ig first 
appeared after 2-3 mo of therapy and were present only in relatively low titer 
(<1:400). 7 of the 10 treated mice never developed detectable antibody to rat 
Ig. This is in striking contrast to our previous observation that B/W mice treated 
with rat anti-Thy-1.2 mAb of the same isotype as anti-L3T4 all develop high 
titers of anti-rat Ig (22). 

Anti-L3T4 Reduces Autoimmunity. Treatment of B/W mice with anti-LST4 
mAb prevented development of high titers of antibody to double-stranded DNA 
(Fig. 3). Although small amounts of anti-DNA antibody appeared within the first 
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Figure 2. Geometric mean titer ($ SEM) of antibodies to rat Ig in B/W mice treated with 
saline (O). nonimmune rat IgC (A), or anti-L3T4 mAb QQ. The shaded area indicates assay 
results using normal mouse sera as negative controls. 
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Figure 3. Geometric mean titer ($ SEM) of antibody to double-stranded DNA in 
B/W mice treated with saline (O). nonimmune rat IgG (A), or ami«L3T4 mAb (■)• The shaded 
area indicates the titer of anti-DNA antibody (<I :200) in normal (C57BL/6) mice. 

2 mo of therapy with anti-L3T4, the titers of anti-DNA antibody were markedly 
lower in treated mice than in control mice, and the titers remained low through- 
out the duration of therapy. At age 8 mo, the geometric mean titer of anti-DNA 
antibody was 1:2,200 $ 1.2 in mice treated with saline, 1:1,500 $ 1.5 in mice 
treated with nonimmune rat Ig, and 1:270 $ 1.1 in mice treated with anti-L3T4 
(P < 0.0005 compared with either control group; Student's t test). The reduction 
in anti-DNA antibody did not reflect a generalized reduction in total Ig levels in 
treated mice (Table I). After 4 mo of treatment, there was a slight reduction in 
the mean IgG concentration in treated mice that was not statistically significant. 
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Table I 

Effect of Treatment on Ig Concentration 



Treatment 




IgM* 


IgG* 




4-mo-oW 


8-mo-old 


4-mo-old 


8-moold 


Saline 
Rat IgG 
Anti-L3T4 


9.5 ± 0.2 

9.6 ± 0.2 
9.6 ± 0.2 


9.2 ± 0.2 
9.6 ± 0.2 
10.3 ± 0.2* 


15.5 ±0.2 
15.7 ±0.3 
15.5 ±0.3 


15.7 ±0.2 
15.5 ±0.6 
15.2 ±0.3 



* Logt titer (x ± SEM) as measured by ELISA. 

* P < 0.05 compared to pretreatment IgM levels and to IgM levels in both control groups. 



60-1 




L9T4 mAb (■). 

However, there was a significant increase in the mean IgM concentration in 
treated mice compared with pretreatment levels, and with IgM levels in control 
mice. Increased plasma IgM has been reported previously (31) in association with 
successful treatment of B/W mice. 

Anti-L3T4 Reduces Renal Disease. The reduction in ami-DNA antibody con- 
centration in mice treated with anti-L3T4 was associated with a significant 
reduction in renal disease. Renal function, as assessed by BUN, deteriorated 
steadily in both control groups, but was preserved in mice treated with anti- 
L3T4 (Fig. 4). Renal insufficiency occurred earliest in mice treated with non- 
immune rat IgG, perhaps as a consequence of the host immune response to rat 
Ig. At age 7 mo, the mean BUN in mice treated with rat IgG was 34.2 ±12.1 
mg/dl, compared to 18.5 ± 2.7 mg/dl in mice treated with saline (P < 0.05; 
Mann-Whitney V lest) and 13.1 ± 0.8 mg/dl in mice treated with anti-L3T4 
(P < 0.01 compared with rat IgG treatment; P < 0.05 compared with saline 
treatment). By 9 mo, the mean BUN in mice treated with saline rose to 38.0 ± 
1 1.6 mg/dl ( compared with 14.3 ± 0.9 mg/dl in mice treated with anti-L3T4 (P 
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< 0.01). Severe proteinuria (&S+) developed in 50-60% of mice in each control 
group, but in none of the mice treated with anti-L3T4 (P < 0.05; chi-square 
analysis) (Fig. 5). Moderate proteinuria (2+) developed in 16 of 21 control mice 
but in only 2 of 10 treated mice (P < 0.05). These two mice were among the 
three treated mice that developed low uters of antibody to rat Ig, suggesting 
that the immune response to rat Ig may have contributed to the development of 
proteinuria. 

Anti-L3T4 Prolongs Survival. Treatment with anti-LST4 mAb dramatically 
prolonged life (Fig. 6). Median survival was 9.3 mo in mice treated with saline 
and 7.6 mo in mice treated with rat IgG. In contrast, all of the mice treated with 
anti-L3T4 are still alive at 10 mo. The difference in 10-mo survival between 
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Figure 5. Frequency of significant proteinuria in B/W mice treated with saline (0). noninv 
mune rat IgG (A), or anti-L3T4 mAb OR). {A) Percent of mice with proteinuria *2+ (100 
mg/dl). (B) Percent of mice with proteinuria fcS+ <300 mg/dl). To reflect accurately the 
development of renal disease in all mice, each point reflects the current level of proteinuria in 
surviving mice, as well as the last measurement of proteinuria in deceased mice. 





•f AGE (months) 

Figure 6. Survival in B/W mice treated with saline (O). nonimmune rat IgG (A)» ° r 
L3T4 mAb (■)• 
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mice treated with antt-L3T4 and control mice is strongly significant (P < 0.001 
compared with the saline control group; P < 0.00001 compared with the rat IgG 
control group; chi-square analysis). The difference in mean survival between the 
two control groups is also statistically significant (P < 0.05; t test), i.e., treatment 
with nonimmune rat Ig accelerated mortality. 

Discussion 

To clarify the role of helper T cells in the pathogenesis of autoimmune disease 
in the B/W model for SLE, we treated female B/W mice with repeated injections 
of a rat mAb directed against the mouse helper T cell antigen, L3T4. Treatment 
depleted circulating target cells, reduced autoantibody production, retarded 
renal disease, and prolonged life. Moreover, treated mice produced little or no 
host antibodies to the administered rat mAb. These findings provide the first 
clear demonstration that autoimmune disease in B/W mice b T cell dependent. 
They further suggest that mAb directed against specific helper T cell antigens 
may be effective in the treatment of certain autoimmune diseases, and that the 
therapeutic benefit may be achieved without provoking an undesirable, and 
potentially hazardous, immune response to the mAb. 

For two decades, the B/W strain has been studied (32, S3) as a model for SLE 
in humans. Early studies (34-37) focused attention on T cell abnormalities in 
B/W mice, emphasizing defects in suppressor T cell number and function. Recent 
studies, however, have cast doubt on the significance of these T cell abnormalities. 
For example, neonatal thymectomy has little effect on the course of autoimmu- 
nity in B/W mice (38), but elimination of a specific subset of B celb prevents 
autoimmune disease (39). Other studies, demonstrating B cell abnormalities, and 
indicating that B cell abnormalities may precede demonstrable T cell abnormal- 
ities in B/W mice, have suggested that autoimmunity in these mice may reflect a 
primary B cell defect, and that T cell defects.may be secondary phenomena (40- 
43). Our results demonstrate conclusively that T cells, specifically helper T cells, 
play an important role in the pathogenesis of autoimmune disease in B/W mice. 
If primary defects occur in other cell types, particularly B lymphocytes, these 
cells nonetheless require helper T celb for the expression of disease. 

It has been postulated that autoimmunity in B/W mice might reflect selective 
loss of suppressor T celb (36, 37), perhaps as a consequence of the action of 
natural thymocytotoxic antibodies (44, 45). Our findings in untreated B/W mice 
show that, although progressive T lymphocytopenia occurs, there b no selective 
effect on suppressor (Lyt-2 + ) T cells. Rather, both major T cell subsets are 
comparably reduced, and the L3T4/Lyt-2 ratio is unchanged. There b, thus, no 
numerical imbalance between helper and suppressor/cytotoxic T cells, although 
functional differences cannot be excluded. 

The L3T4 molecule is expressed on a distinct subpopulation of T cells 
previously referred to descriptively as helper T celb. More precisely, L3T4 
identifies T cells that respond to MHA II on antigen-presenting celb (24-27). 
The functional importance of the L3T4 molecule b demonstrated by the obser- 
vation that mAb against LST4 blocks in vitro T cell responses to MHA H (25- 
27). The beneficial effects of anti-L3T4 in B/W mice may, therefore, be due not 
only to target cell depletion, but also to direct inhibition of T cell responses that 
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are dependent on the recognition of MHA II. The latter mechanism would imply 
that autoimmunity, like immunity to foreign antigens, requires a T cell response 
to MHA II. Our results are compatible with this possibility, but they do not 
prove it. We previously (22) treated B/W mice with mAb against Thy-1.2, an 
antigen expressed on all T cells. Although treatment reduced circulating L3T4* 
T cells by 75%, there was a comparable reduction in Lyt-2 + T cells, and no 
improvement in autoimmunity. The failure of anti-Thy-1.2 to improve autoim* 
munity despite depletion of L5T4 + cells suggests either that: (a) regulation of 
autoimmunity in B/W mice involves a balance between LST4* cells and Lyt-2* 
cells that is not disturbed by treatment with anti-Thy-1.2; or (6) successful 
treatment with anti-L3T4 requires functional impairment of the L3T4 molecule. 

An important observation in our present studies was the relative lack of host 
immunity to the anti-L3T4 antibody. Previous attempts to use mAb as therapeu- 
tic agents in humans and in mice have been complicated by the development of 
a host immune response to the mAb (4, 9, 16, 17, 22). In B/W mice treated with 
rat anti-Thy-1.2 mAb (subclass IgG2b), the development of antibody to rat Ig 
was associated with accelerated mortality, even though autoimmunity was not 
affected (22). In autoimmune BXSB mice, treatment with anti-Thy-1.2 caused 
fatal anaphylaxis (22). The current study reemphasizes the potential hazards of 
treatment with foreign Ig, because administration of purified nonimmune rat 
IgG significantly reduced survival. In this context, the weak host immune 
response to rat anti-L3T4 mAb (subclass IgG2b) takes on added significance. 
The ability to administer anti-L3T4 without generating high titers of host 
antibody to rat Ig may not only maximize the therapeutic effect of anti-L3T4, it 
may also minimize the risks associated with the host immune response to foreign 
protein. 

The lack of host immunity to repeated injections of anti-LST4 is the first 
demonstration that anti-L3T4 can interrupt the immune response in vivo. It 
remains to be determined if anti-L3T4 will block the in vivo response to foreign 
antigens other than itself, although it has been demonstrated (25) that anti-L3T4 
can block in vitro responses to foreign antigens that are presented in association 
with MHA II. Immune recognition of MHA II can also be blocked both in vitro 
and in vivo by mAb against MHA II (46-49). One group of researchers (50-52) 
have treated murine models for several autoimmune diseases with mAjb against 
MHA II. This treatment was effective in experimental autoimmune encephalitis 
(50) and experimentally induced myasthenia gravis (51). It also increased survival 
in B/W mice, even though it did not reduce autoantibody production (52). In 
mice, MHA II are expressed on macrophages, B cells, and activated T cells (53), 
but it is not known whether successful treatment with mAb against MHA II is 
associated with depletion of these cell types. In humans, MHA II are expressed 
not only on certain lymphoid cells, but also on blood vessel endothelial cells (54). 
This may account for the severe toxicity of mAb against MHA II in monkeys 
(55), which may complicate the use.of anti-MHA II in humans. Unlike tyHA II, 
L3T4 appears to be restricted in its expression to a distinct subpopulation of T 
lymphocytes and T lymphocyte precursors (24). Therefore, anti-L3T4 mAb may 
provide an alternative to the use of anti-MHA II mAb that would be more 
selective in its effect on the immune system. The human homologue for the 
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L3T4 antigen has been identified (23), and mAb against this antigen have already 
been used to prolong renal allograft survival in nonhuman primates (19). 

Treatment of B/W mice with anti-L3T4 had profound effects on the immune 
system that raise questions about the immune competence of treated mice. The 
reduction in L3T4* T cells creates an imbalance between T cell subpopulations 
that resembles the distribution of T cell subsets in acquired immunodeficiency 
syndrome (AIDS) in people (56). The beneficial reduction in antibodies to 
double-stranded DNA and antibodies to rat Ig may reflect a more generalized 
impairment of humoral immunity. Our studies do not establish the significance 
of these alterations in cellular and humoral immunity, but they do provide some 
preliminary insight. Despite a 10-fold reduction in autoantibody concentration, 
treatment with anti-L3T4 did not significantly depress Ig levels. Moreover, 
treated mice did not develop infectious complications, even though they were 
housed without special precautions in our main animal colony. Studies are 
currently in progress in our laboratory to determine the precise effects of 
treatment with anti-L3T4 on immune competence in normal and autoimmune 
mice. 

The immunologic abnormalities in B/W mice closely parallel the immunologic 
abnormalities underlying SLE in humans. T lymphocytopenia, impaired sup- 
pressor T cell function, reduced lymphokine production, and B cell hyperactivity 
all occur in humans with SLE as well as in B/W mice, but the significance of 
these abnormalities remains controversial (32, 57-60). There is no fixed abnor- 
mality in the relative proportion of circulating T cell subsets in either B/W mice 
or humans with SLE (61), but our results make it clear that this does not exclude 
the possibility that T cells regulate autoimmunity in SLE. The similarities 
between SLE in humans and SLE in B/W mice suggest that they may share 
common pathogenetic mechanisms. Our findings in B/W mice therefore, support 
the hypothesis that autoimmunity in people with SLE is regulated by T cells. 
This hypothesis is consistent with recent studies indicating that total lymphoid 
irradiation (TLI) improves lupus nephritis in humans (62-64). Although the 
effect of TLI on lymphocyte subsets in SLE has not yet been determined, TLI 
causes prolonged depletion and impaired function of Leu-3/T4* cells in people 
with rheumatoid arthritis (65-67). These observations add weight to the possi- 
bility that treatment with mAb against Leu-3/T4 would favorably influence the 
course of autoimmune disease in people with SLE. However, we believe that 
such treatment would be premature until the effects of anti-L3T4 orj normal 
immune function have been thoroughly investigated. 

Summary 

Autoimmune NZB/NZW mice were treated with weekly injections of mono- 
clonal antibody (mAb) to L3T4, an antigen expressed on a distinct subpopulation 
of T cells that respond to class II major histocompatibility antigens. Treatment 
with anti-L3T4 depleted circulating target cells, reduced autoantibody produc- 
tion, retarded renal disease, and prolonged life relative to control mice treated 
either with saline or with purified nonimmune rat IgG. These findings establish 
that autoimmune disease in NZB/NZW mice is regulated by T cells. In contrast 
to mice treated with nonimmune rat IgG, mice treated with rat anti-LST4 mAb 
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developed little or no antibody to rat Ig. Thus, the benefits of treatment with 
anti-L3T4 were achieved while minimizing the risks associated with a host 
immune response to therapy. This study raises the possibility that treatment with 
mAb against Leu-5/T4, the human homologue for L3T4, might be effective in 
the treatment of certain autoimmune diseases in people. 

We thank Dr. Frank W. Fitch for the generous gift of hybridoma GK1.5. We also thank 
Ann Stembridge for her expert technical contribution and Denise Jang for her valuable 
assistance in preparation of the manuscript. 
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INTRODUCTION 



It is the purpose of this review to summarize our recent observations and those 
of other researchers on several aspects of T cell subsets as they relate to 
recognition of major histocompatibility complex (MHC) antigens. These 
observations have led us to conclude that there are two subsets of T cells which 
recognize respectively the two classes of MHC antigen (Class 1 and Class 2) and 
which can be identified by their Lyt (murine) or Leu (human) phenotype. Several 
features of the T cell recognition of MHC have led us to propose that there are 
two separate components of this recognition. In one component, T cell molecules 
(probably related to or identical to the Lyt or Leu molecules) interact with an 
invariant partfs) of either the Class 1 or Class 2 molecule which is monomorphic 
for that class. In the second component, the "T cell receptor" (which could.eitber 
be independent or linked to the class-interaction molecule) recognizes the 
polymorphic determinants of the same MHC molecule. This recognition would 
be of the MHC alone in the dual recognition model or of MHC plus non-MHC 
antigen in the interaction antigen or altered self-model. The three sets of 
experimental observations, which will be presented below, led to the following 
conclusions: 

1) The Lyt or Leu phenotype and susceptibility to blocking with appropriate 
antibodies of the vast majority of murine and human T cells correlates with 

. the Class of MHC molecule recognized by those T cells. 

2) Xenogeneic T cells respond only to aUele-specific MHC determinants and are 
not directed to species-specific non-MHC or monomorphic MHC deter- 
minants. 

3) T cells responding across species barriers make the same distinction of MHC 
Class as do T cells participating in allogeneic or syngeneic interactions. 
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EXPERIMENTAL OBSERVATIONS 

1. Lyt and Leu phenotypes and susceptibility toMoAb blocking are associated with 
recognition of MHC class not with T cell function 

The experiments of Cantor and Boyse (1976) in the mouse had established that 
in most cases helper T cells express Lytl but not Lyt 2 molecules while cytotoxic 
and some suppressor cells express Lyt2 but not Lytl molecules. It had also been 
demonstrated that helper cells recognize allogeneic or are restricted to self Class 
2 MHC molecules while cytotoxic T cells recognize allogeneic or are restricted to 
self Class 1 molecules (for early reviews see Bach et al. 1976, Sprent 1978, 
Doherty et al. 1976). Thus, it was established that there is a triple correlation in 
which helper T cells are Lytl + 2" and recognize Class 2 MHC antigens while 
cytotoxic T cells are Lytl"2 + and recognize Class 1 MHC antigens. 

We showed in our earlier experiments that there can be exceptions to the 
correlation between T cell function and MHC class in the response to foreign 
MHC alleles (discussed in Dutton et al. 1978). In an analysis of these exceptions, 
we were able to show that the cell surface phenotype of the T cell correlates more 
faithfully with the class of MHC molecule recognized than with the T cell 
function. In bulk cultures of normal spleen cells, helper T cells that recognized 
Class 1 K- and D-encoded antigens were Lyt2 + while cytotoxic T cells, both in 
bulk populations and in one cloned line that recognized IA, were either Lyt2- 
negative (cloned line) or expressed much lower amounts of Lyt2 than CTL 
directed against K or D allo-antigens (Swain & Panfili 1979, Swain et al. 1979, 
Swain et al. 1981). We also showed that in the case where there was an unusual 
correlation between class recognition and function there was no restriction to 
the usual class of MHC (Swain 1981a). 

TABLE I 

Lyt 2 Expression and Susceptibility to Anti Lyt 2 Blocking is Associated with Class 1 MHC 

Recognition by T Celb of Several Functions 



MHC Subregion Lyt 2 Anti-Lyt 2 

Recognized Function Expression Blocking 



Class 1 










Help(l°) 


+ + + 


+ + + 




TL2 production (2°) 


+ + + 


+ + + 




Cytotoxicity (1° and 2°) 


+ + + 


+ + 


Class 2 


Help (1°) 








IL2 production (2°) 








Cytotoxicity (1°) 


+/- 


+/- 




Cytotoxicity (2°) 


+/- 


+/- 



Based on data from Swain and Panfili (1979), Swain (1981) and Swain, (unpublished) on the 
allogeneic T cell response. 
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Class 1 MHC 

Vnti-Lyt 2 
Blocking 

+ + + 
+ + + 



TABLE II 

Reciprocal Blocking of Allo-help by MoAbs to Lyt2 and L3T4 





TCeUs 


B Cells 


MoAb 
Specificity 


PFC/cuhurc 


Class 1 Specific 








2( 1- 2) 


Expt. 1 




B6.bml 


— 


K b -K bmJ 


Bo 


i 

-r 






+ 


+ ' 


L3T4 


271 (228-323) 




+ 


+ 


Lvt2 


24 ( 20- 28) 




+ 


+ 


LFA-1 


<2 


Expt. 2 




B6.bml 





^2 


K ' K 


B6 


+ 




«tjZ {Jot— jjOJ 


+ 




L3T4 


351 "(308-399) 




+ 


+ 


Lvt2 


12 ( 5- 28) 


Expt. 3 




B10.T(6R) 


— 


< 




B10.G 


+ 




5J I /U— yy) 


+ 


+ 


L3T4 


60 ( 56- 64) 




+ 


+ 


T vt2 


9(4- 19) 


Class 2 Specific/ or 


Whole Haplotype 




2 ( 1-3) 


Expt. 1 




B10.AQR 


z 




B10.T (6R) 


+ 




435 (408-465) 




+ 


+ 


L3T4 


21 ( 9- 52) 




+ 


+ 


Lyt2 


502 (476-531) 


Expt. 2 




B10.AQR 


_ 


<2 




B10.T (6R) 


+ 




36 ( 26- 48) 




+ 


+ 


L3T4 


6( 3- 9) 




+ 


+ 


Lyt2 


30 ( 25- 36) 


Expt 3 




BDFi 




4( 2-11) 




B6 


+ 




1,056 (1,024-1.087) 


+ 


+ 


L3T4 


98 ( 91-106) 




-t- 


+ 


. Lyt2 


626 (556-704) 




+ 


+ 


LFA1 


3( 2- 5) 


Mis-Specific 








149(120-184) 


Expt. 1 




Dl.LP 




Mls^Mls 1 


B6 


+ 




614 (442-853) 




+ 


L3T4 


45 ( 35- 57) 




+ 


+ 


Lyt2 


791 (711-880) 




+ 


+ 


LFA-1 


11 ( 7- 17) 



+/- 
+/- 



In these experiments T-depleted B cells developed PFC in response to SRBC and were helped 
by allogeneic T cells that differed at cither Class 1 or Class 2 loci or at Mis. The monoclonal 
antibodies were present throughout the 4-day culture period. 
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The same correlations could be shown in experiments where Lyt2 monoclonal 
antibodies were used to block activity. The helper function or IL2 production of 
cells responding to K or D allo-antigens could be blocked by monoclonal anti- 
Lyt2, while cytotoxic function specific for IA or whole I region could not be 
blocked by the same reagent (Swain 1981b). These findings are summarized in 
Table I. It recently became apparent that Lytl is not expressed reciprocally to 
Lyt2 (Swain & Dutton 1981, Ledbetter et al. 1981) arid does not block Class 2 
specific function. Thus, at the time these initial experiments were done it was not 
possible to examine the blocking of T cell responses to Class 2 antigens because 
of the lack of an appropriate reagent to define a true reciprocal of Lyt2 (but see 
below). 

More recently it has been shown that the same pattern of observations can be 
documented in humans, mainly in experiments utilizing cloned lines (Engelman 
etal. 1981,Krenskyet al. 1982, Reinherzet al. 1981,Biddisonetal. 1982,Meuer 
et al. 1982). In humans, the marker, Leu 1, would appear to be the equivalent of 
the mouse Lytl that it is expressed to varying degrees on all T cells. Antisera to 
the Lytl and/or Leu 1 do not generally block responses. Leu 2 appears to 
correspond to Lyt2 (Ledbetter et aL 1981). Leu 3, however, has a reciprocal 
distribution to Leu 2 and appears to define the T cell subset that recognizes or is 
restricted to Class 2 MHC antigen. Antibody to Leu 3 has been shown to block 
the response to Class 2 antigen. 

An equivalent marker, L3T4, has now been found in the mouse by Dialynas 

TABLE in 

Reciprocal Blocking of IL2 Production by MoAbs to Lyt2 and L3T4 



Primed 
Responders 



Stimulator 
B10.T (6R) 



Specificity 
of Mo Ab 



CPM/Culture with 
10% Supernatant 



None 




None 


68 ( 60- 77) 


Class I Reactive 








1. B10.G 


+ 


None 


461 (434- 489) 


2. B10.G 


+ 


Lyt2 


112(111- 113) 


3. B10.G 


+ 


L3T4 


560(546- 574) 


4. B10.G 


+ Con A 


None 


971 (802-1,176) 


Class 2 Reactive 








5. B10.AQR 


+ 


None 


830 (656-1,046) 


6. BIO.AQR 


+ 


Lyt2 


457 (356- 586) 


7. B10.AQR 




L3T4 


81 ( 77- 86) 


8. BI0.AQR 


+Con A 


None 


956 (825-1,101) 



Primed T cell populations were prepared in response to stimulators allogeneic at Class 1 or 
Class 2 MHC. The primed T cells were re-stimulated with the appropriate stimulators in the 
presence or absence of monoclonal antibodies to Lyt2 or L3T4 and the 24-h IL2 production 
assayed on an IL2 dependent cell line as previously described (Swain et aL 1983). 
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and his colleagues, and is defined by the monoclonal antibody GK1.5 (Dialynas 
et al. 1983). We were then able to complete our analysis in the mouse andreport 
here that GK1.5 (anti-L3T4) can block allogeneic help and lymphokine 
production elicited by Class 2 but not Class 1 MHC. The results, using bulk 
cultures, are illustrated in Tables II and III. It can be seen that antibody to L3T4 
was able to inhibit both allo-help (Table II) and the production of IL2 (Table III) 
to I region antigens and Mis, but not to those encoded by K and D subregions. It 
is of interest that monoclonal antibody to LFA 1 (an unrelated cell surface 
antigen) which had been previously reported to block killing to K and D 
(Davignon et al. 1981) showed no class recognition selectivity and blocked 
helper responses to both I and K/D. The impressive correlation of Lyt 
phenotype, blocking with Lyt antibodies and recognition of MHC subregion in 
the mouse is summarized in Table IV. 

2. Xenogeneic T cell responses recognize only allelic specificities 

Lindahl and Bach (1975, 1976) showed that the response of human T cells to 
mouse lymphocytes was allele-specific and that there was no response to the 
non-polymorphic 'mouse' MHC determinants. 

We have confirmed and extended these observations in our own study of 
human anti-mouse mixed lymphocyte responses (Swain et al. 1983). In these 
studies we showed that T cells stimulated with mouse lymphocytes in a primiary 
in vitro response could only be re-stimulated by MHC compatible mouse 
lymphocytes in a secondary response. Responses re-stimulated with whole H-2 
compatible or ClaSs 1-compatible stimulators resulted in the development of 

TABLE IV 



Reciprocal Blocking of Allogeneic T Cell Reactivity to Class 1 and Class 2 MHC Subregion 

Antigens 


MHC 

Subregion 

Recognized 


Function 


Anti- 
Lyt2 
Blocking 


Anti- 
L3T4 
Blocking 


Anti- 
LFA-1 
Blocking 


Class 1 


Help (1°) 

IL2 production (2°) 
Cytotoxicity 


+ + + 
+ + + 
+ 4- + 




+ ++ + 
+ + + + 


Class 2 


Help (1°) 

IL2 production (2°) 
Cytotoxicity (1° and 2°) 


+/- 


+ + + 
+ + + " 


+ + + + 
+ + + + 
+ + + + 



* Data from Davignon et al. 1981. Based on data in this review and in Swain, Dialynas, 
Fitch and English, manuscript in preparation. 
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TABLE V 

Specificity of Human T Cells Responsive to Mouse Stimulators 



Restimulator or target 


Response measured 


genes shared with 


(Degree) 




primary stimulator 


IL2 production 


Target lysis 


Whole MHC± Background 


+ + + 


+ + + 


Background 






Class 1± Background (K or D) 




+ + + 


Class 2 ± Background 


+ + + + 





This data is a summary of our experience with human anti-mouse responses. Details and 
experimental methods can be found in Swain et al. (1983). Primary cultures of 4X 10 7 human 
PBLs and 1 X 10 7 mouse splenic T-depleted ( mitogentreated stimulators were cultured for 7-10 
days in 20 ml in flasks. Cells were recultured with mouse 2° stimulator cells from mice 
sharing MHC and/or background genes with those used in the primary culture. IL2 
production was determined by assaying the 24-h culture supernatants of 2° cultures. 
Cytotoxicity was determined on Con A plus LPS blasted mouse spleen cells. 



CTL activity specific for the relevant Class 1 allele, While responses re- 
stimulated with Class 2-compatible (to responder) splenic non-T cells generated 
IL2 production. These results are summarized in Table V. 
Two features of these responses can be emphasized. 

1) The response was all directed to allele-specific (polymorphic) determinants, 
i.e., there was no measurable response to any shared mouse MHC 
(monomorphic) determinants or to other non-MHC (background) deter- 
minants. 

2) The human T cells were able to make the same functional distinction between 
murine Class 1 and Class 2 MHC as in the allogeneic and syngeneic response 
in that the appropriate T cell function was correlated with the MHC class 
recognized. 

3. T cells which distinguish MHC class across species barriers are appropriately 
blocked by MoAbs to Lea antigens 

As already indicated in the previous section, the response of human T. cells to 
mouse Class 2 antigens resulted in IL2 production while CTL were generated in 
response to Class 1 antigens. The fact that human T cells distinguished mouse 
Class 1 and Class 2 structures in analogous manner to that in responses within 
the species was further illustrated by blocking experiments with anti-Leu 2 and 
anti-Leu 3 reagents. The cytotoxic response to K and D was blocked by anti-Leu 
2 while the IL2 production elicited by restimulation with Class 1 was blocked by 
anti-Leu 3. These findings (Swain et al. 1983) are illustrated in Table VI. 
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Anti-Leu 
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% specific 


Antibody 


Production 
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zJCPM 




None 


768 


22 


Leu 2a 


804 


8 


Leu 3a 


-8 


26 



Primary cultures of .human PBLs were set up against BIO. A (3R) mouse, T-depleted splenic 
stimulators. After 10 days cultures were re-stimulated with B 10. A (3R) T-depleted spleen cells. 
Supernatants were harvested after 18 h to determine IL2 production and specific cytotoxicity 
was determined after 4 days on LPS plus Con A BIO. A (3R) blasts. Further details in Swain et 
al. 1983. 



DISCUSSION 
1. Implications of experimental observations 

Before going on to a broader discussion of T cell recognition, the significance of 
the apparent involvement of Lyt and Leu antigens in T cell recognition of MHC 
class will be analyzed. 

The correlation of the expression of the Lyt2 antigen with recognition of Class 
1 MHC is very impressive when bulk populations of normal or short term in vitro 
primed T cells from mouse spleen are used in the functional assays used in our 
experiments. These include unprimed and in vitro primed allo-help and IL2 
production (Swain 1 98 lb) and in vivo primed cytotoxic responses (Swain 1981b). 
In contrast, published results in unprimed cytotoxic responses in the mouse are 
somewhat less consistent, for instance: while Vidovic et aL (1981) found most 
Class 2-specific killers came from Lyt2" precursors, Miller & Stutman (1982) 
found anti-Lyt2 blocking of both Class 1- and Class 2-directed cytotoxic T cells. 
In our experiments, Class 2-specific precursors of cytotoxic effectors expressed 
less Lyt2 than those directed to Class 1, but a certain proportion were, 
nonetheless, removed by anti-Lyt2 and C treatment. Furthermore, among 
hybridomas and cytotoxic clones are found examples of Class 1-specific 
cytotoxic effectors which do not appear to express Lyt2 (MacDonald et al. 1982) 
and which are not always blocked by anti-Lyt2 reagents (MacDonald et al. 
1982). There are several possible explanations for these deviations from the Lyt- 
MHC subregion rule. 

The first explanation, only applicable to the bulk CTL responses, is that some 
T cells in putative I region only different cultures, may really be specific for non- 
K or -D Class 2 antigens including L, R, Qa and possibly others. This is not 
unlikely in bulk cultures and indeed among cloned I-specific (mouse) and DR- 
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specific (human) lines or clones where the specificity has been determined, a very 
good correlation has been found, i.e., an absence of Lyt2 and Leu 2 markers and 
presence of L3T4 and Leu 3 (Swain et al. 1981, Dialynas et al. 1983, Krensky et 
al. 1982, Meuer et al. 1982). 

However, this explanation does not deal with T cell clones which can be 
shown to be specific for Class 1 and yet lack and/or are not blocked by, anti 
Lyt2. The exceptions in these cases put important constraints on the possible 
roles for Lyt2. Long term lines and clones, however, may not always accurately 
reflect normal phenotypes. Nonetheless, it is clear that Lyt2 molecules are not 
always involved in T cell recognition of Class 1 MHC. 

In order to interpret these results, several more facets of blocking with 
monoclonal and polyclonal antibodies axe relevant 

(1) Very few reagents specific for T cell surface markers have been found 
which are able to block T cell function despite extensive attempts to find such 
reagents (reviewed in Immunol. Rev. 68). The first of these, and one of the two 
most commonly found, are reagents to Lyt2 which were first found to block 
cytotoxic function by Shinohara and Sachs (1979) and Nakayama et aL (1979). 
Since those initial reports, a wide variety of studies have confirmed and extended 
these observations (reviewed in Immunol. Rev. 68). The only other commonly 
found antibodies which block function are those against the high molecular 
weight antigens termed LFA-1 (Davignon et al. 1981, Pierres et al. 1982) which 
are large proteins (94-108K) expressed on all subsets^of T cells (as well a B cells). 
Antibody to LFA-1 blocks multiple T cell functions (all tested) regardless of 
specificity (Davignon et al. 1981, Pierres et al: 1982, and results in this report). 

(2) Anti-Lyt2 reagents appear to block cytotoxicity (both induction and 
effector function) at the very early phase of precursor/effector interaction with 
the target (Fan et al. 1980, MacDonald et al. 1982, Goldstein et al 1982, 
Hollander 1982, Springer et al. 1982). Furthermore, lectins such as Con A 
overcome both the target specificity of killing and blocking with anti Lyt2. Alio- 
help and IL2 production are also blocked at the induction stage (Swain 1981b) 
and Con A also overcomes both the specificity and blocking (Swain 1981b). In 
all cases the T cell is clearly the target. Both of these facets suggest anti-Lyt2 
blocks recognition. 

(3) Finally/molecules of similar structure are found in many species (mouse, 
human, rat) and in all cases antisera and monoclonal antibodies to these 
structures have been found which block function. 

Taken together, the above three sets of observations make a persuasive, 
though somewhat circumstantial case that the molecules in question (Lyt2 and 
.L3T4; Leu 2, Leu 3) play an important role in T cell response to MHC antigen. 
The most likely role from these and our own observations would be in 
recognition of MHC class. 

The negative data suggests that whatever the role, of Lyt2, it is not always 
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obligatory. One way to reconcile these two phenomena is to suggest that the Ly- 
and Leu-encoded molecules interact with monomorphic class-specific deter- 
minants. We suggest that this interaction contributes to or facilitates the 
interaction of the clonally distributed antigen-specific part of the receptors) 
which participate^) in recognition of polymorphic determinants on MHC and of 
nominal antigen. It is thus possible that high affinity specific receptors or 
lectin-facilitated binding would not require the facilitatory class-specific interac- 
tion. In fact, data from MacDonald et al. (1982) includes one instance in which 
anti-Lyt2 failed to block the original antigen-induced cytotoxic activity but did 
block a cross-reaction of that same clone consistent with a requirement for Lyt2 
involvement only when a, presumably, lower affinity interaction occurs. Also 
the same group previously demonstrated that primed cytotoxic effectors derived 
from peritoneal exudate were less susceptible to anti-Lyt2 blocking than those 
derived from spleen (MacDonald et al. 1981). 

2. Speculations on T cell recognition 

The experimental observations that we would like to consider in further 
discussion of how T cells recognize MHC include not only those summarized 
above but a number of earlier basic features of the T cell interaction with MHC. 
They are listed and discussed in sequence. 

(1) Approximately 1 % pf the T cell population is activated in response to a 
foreign MHC allele. The exact figure is not important, but it has been clear from 
the earliest experiments (Dutton 1965, Nisbet et al. 1969) that perhaps the 
majority of all T cells must be reactive to one or another foreign allele. This 
feature was neither explained or rendered less remarkable when it was revealed 
that all T cell responses to non-MHC antigens are restricted to self-MHC (Katz 
et al. 1973, Zirikemagel & Doherty 1975). There would appear to be only two 
explanations: either that the recognition structures consisted of a limited set of 
specificities restricted to the recognition of allogeneic MHC or that the 
repertoire was "open" (and large) but there is a "bias" towards MHC that allows 
a single MHC allele antigen to capture a large portion of the T cell repertoire. 

(2) The T cell recognition of MHC is limited to the polymorphic parts of the 
molecule. This is seen both in the self-MHC restricted response to non-MHC 
antigen (Zinkernagel & Doherty 1979) and in the response to allogeneic MHC. It 
might be argued that the lack of a response to the invariant part of the molecule 
was due to the elimination of such reactivity by a mechanism of tolerance- 
induction to self-components. The finding of a similar preoccupation with 
polymorphic determinants in xenogeneic responses discussed above and seen in 
several other xenogeneic situations, however, would seem to rule out an 
explanation based on self-tolerance, unless the nonrpolymorphic regions were 
extremely conserved between species, which, from the data available, does not 
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seem to be the case. Again there would seem to be a constraint either on the 
repertoire of receptor structures itself and/or upon the way it functions; e.g., 
some sort of obligatory interaction with MHC polymorphic regions. 

(3) T cell clones specific for non-MHC antigens restricted to self-MHC 
(self +X) often cross-react with a foreign MHC allele (originally described by 
Sredni & Schwartz 1981). The frequency of such reactivity in some cases is so 
high as to suggest that perhaps all T cells react with one or another of the species* 
polymorphic structures of MHC. Further interpretation of this is heavily 
weighted by whether one considers a two-receptor of one-receptor model for T 
cell recognition. Several pieces of information presented in this review seem 
relevant here. 

(4) T cells that recognize Class 1 MHC antigens carry different cell-surface 
molecules from those that recognize Class 2 MHC antigens. (5) This recognition 
operates across species barriers and (6) the consequences of recognition can be 
blocked by the presence of antibody to the appropriate cell-surface marker. We 
consider that the most likely conclusions to be drawn from this are: first, that the 
recognition of MHC class is carried out independently from the recognition of 
MHC polymorphic determinants (and the non-MHC antigen); and second, that 
the relevant cell surface structures are in some way associated with this 
recognitifcn as outlined earlier. 

3. A model for the T cell receptor 

We have, therefore, proposed a model (Swain et al 1983) in which the 
recognition of MHC class is separated from the recognition of MHC poly- 
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Figure 1. Hypothesis for recognition of MHC class and polymorphic determinants by T cells. 
This model was previously published in / Exp. Med 157, 720. 
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morphic determinants and non-MHC antigen (see Figure 1). We further suggest 
that the recognition of the class-specific part of the MHC molecule 'positions* 
the receptor so that it can only interact with area where the polymorphic 
variations occur. The concept conveyed by the model can be drawn in many 
ways and the version presented here is merely one presentation of the principles 
involved. We have drawn the separate components of the model joined together 
with a single attachment to the membrane. The two components could be 
independently attached and need not be associated with one another before the 
interaction occurs or even then. In its essence, this model is not affected by 
whether MHC and non-MHC are recognized by one or two recognition events. 

SUMMARY 

We have presented and/or briefly reviewed data which indicates that there are 
two T cell subsets which interact respectively with the two Classes (1 and 2) of 
MHC antigen and which can be identified by the Ly (mouse) or Leu (human) 
molecules that they express. This correlation, and the large body of (largely) 
circumstantial but still quite convincing data, suggests that these Ly and Leu 
molecules play a very important role in T cell responses by actually interacting 
with monomorphic MHC class specific determinants. We suggest that this 
interaction facilitates and possibly helps direct the binding of the T cell receptor 
to polymorphic MHC determinants and antigen. In this model T cell 
"recognition* of MHC and antigen consists of several independent but 
connected interactions of T cell surface structure with MHC molecules and 
antigen on antigen-presenting cells or targets. 
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INTRODUCTION 



It is the purpose of this review to summarize our recent observations and those 
of other researchers on several aspects of T cell subsets as they relate to 
recognition of major histocompatibility complex (MHC) antigens. These 
observations have led us to conclude that there are two subsets of T cells which 
recognize respectively the two classes of MHC antigen (Class 1 and Class 2) and 
which can be identified by their Lyt (murine) or Leu (human) phenotype. Several 
features of the T cell recognition of MHC have led us to propose that there are 
two separate components of this recognition . In o ne component, T cell molecules 
(probably related to or identical to the Lyt or Leu molecules) interact with an 
invariant part(s) of either the Class 1 or Class 2 molecule which is monomorphic 
for that class. In the second component, the "T cell receptor" (which could either 
be independent or linked to the class-interaction molecule) recognizes the 
polymorphic determinants of the same MHC molecule. This recognition would 
be of the MHC alone in the dual recognition model or of MHC plus non-MHC 
antigen in the interaction antigen or altered self-model. The three sets of 
experimental observations, which will be presented below, led to the following 
conclusions: 

1) The Lyt or Leu phenotype and susceptibility to blocking with appropriate 
antibodies of the vast majority of murine and human T cells correlates with 

. the Class of MHC molecule recognized by those T cells. 

2) Xenogeneic T cells respond only to allele-specific MHC determinants and are 
not directed to species-specific non-MHC or monomorphic MHC deter- 

minants. ... t\jrar 

3) T cells responding across species barriers make the same distinction of MHC 
Class as do T cells participating in allogeneic or syngeneic interactions. 
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EXPERIMENTAL OBSERVATIONS 



1. Lyt and Leu phenotypes and susceptibility to MoAb blocking are associated with 
recognition ofMHC class not with T cell function 

The experiments of Cantor and Boyse (1976) in the mouse had established that 
in most cases helper T cells express Lytl but not Lyt2 molecules while cytotoxic 
and some suppressor cells express Lyt2 but not Lytl molecules. It had also been 
demonstrated that helper cells recognize allogeneic or are restricted to self Class 
2 MHC molecules while cytotoxic T cells recognize allogeneic or are restricted to 
self Class 1 molecules (for early reviews see Bach et al. 1976, Sprent 1978, 
Doherty et al. 1976). Thus, it was established that there is a triple correlation in 
which helper T cells are Lytl + 2~ and recognize Class 2 MHC antigens while 
cytotoxic T cells are Lytl"2 + and recognize Class 1 MHC antigens. 

We showed in our earlier experiments that there can be exceptions to the 
correlation between T cell function and MHC class in the response to foreign 
MHC alleles (discussed in Dutton et al. 1978). In an analysis of these exceptions, 
we were able to show that the cell surface phenotype of the T cell correlates more 
faithfully with the class of MHC molecule recognized than with the T cell 
function. In bulk cultures of normal spleen cells, helper T cells that recognized 
Class 1 K- and D-encoded antigens were Lyt2 + while cytotoxic T cells, both in 
bulk populations and in one cloned line that recognized IA, were either Lyt2- 
negative (cloned line) or expressed much lower amounts of Lyt2 than CTL 
directed against K or D allo-antigens (Swain & Panfili 1979, Swain et al. 1979, 
Swain et al. 1981), We also showed that in the case where there was an unusual 
correlation between class recognition and function there was no restriction to 
the usual class of MHC (Swain 1981a). 

TABLE I 

Lyt 2 Expression and Susceptibility to Anti Lyt 2 Blocking is Associated with Class 1 MHC 

Recognition by T Cells of Several Functions 

MHC Subregion Lyt 2 Anti-Lyt 2 

Recognized Function Expression Blocking 



Class J 



Help-(1°) 

IL2 production (2°) 
Cytotoxicity (1° and 2°) 



+ + + 
+ + + 
+ + + 



+ + + 

+ + + 



Class 2 



Help (1°) 

IL2 production (2°) 
Cytotoxicity (1°) 
Cytotoxicity (2°) 



+ /- 



+/- 
+/- 



Based on data from Swain and Panfili (1979), Swain (1981) and Swain, (unpublished) on the 
allogeneic T cell response. 
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TABLE II 

Reciprocal Blocking of Allo-h elp by MoAbs to Lyt2 and L3T4 

MoAb 

T Cells B Cells Specificity PFC/cuIture 
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Class J Specific 
Expt 1 
K b -K bml 



Expt. 2 
K b_ K «bi 



Expt 3 





B6.bml 




2( 1- 2) 


B6 


+ 




203 (181-227) 


+ 


+ 


L3T4 


271 (228-323) 


+ 


+ . 


Lyt2 


24 ( 20- 28) 


+ 


+ 


LFA-1 


<2 




B6.bml 




<2 


B6 


+ 




452 (381-536) 


+ 


+ 


L3T4 


351 (308-399) 


+ 


+ 


Lyt2 


12 ( 5- 28) 




B10.T (6R) 




< 


B10.G 


+ 




83 ( 70- 99) 


+ 


+ 


L3T4 


60 ( 56- 64) 


+ 


+ 


Lyt2 


9 ( 4-19) 



Class 2 Specific/ or Whole Haplotype 
Expt. I - B10.AQR 

p-l" B10.T (6R) + 

+ + 
+ + 



Expt. 2 



Expt. 3 
H-2 b -H-2 tad 



L3T4 
Lyt2 



Mis-Specific 

Expt. 1 
Mls"-Mls' 



2( 1- 3) 
435 (408-465) 
21 ( 9- 52) 
502 (476-531) 





B10.AQR 




<2 


T (6R) 


+ 




36 ( 26- 48) 


+ 


+ 


L3T4 


6( 3- 9) 


+ 


+ 


Lyt2 


30 ( 25- 36) 




BDFi 




4( 2- 11) 


B6 


+ 




1,056 (1,024-1,087) 


+ 


+ ■ 


L3T4 


98 ( 91-106) 




+ 


Lyt2 


626 (556-704) 




+ 


LFA1 


3( 2- 5) 




Dl.LP 




149 (120-184) 


B6 


+ 




614 (442-853) 


+ 


+ 


L3T4 


45 ( 35- 57) 


+ 




Lyt2 


791 (711-880) 


+ 


+ 


LFA-1 


11 ( 7- 17) 



In these experiments T-depleted B cells developed PFC in response to SRBC and were helped 
by aUogeneic T cells that differed at cither Class i or Class 2 loci or at Mis. The monoclonal 
antibodies were present throughout the 4-day culture period. 
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The same correlations could be shown in experiments where Lyt2 monoclonal 
antibodies were used to block activity. The helper function or IL2 production of 
cells responding to K or D allo-antigens could be blocked by monoclonal anti- 
Lyt2, while cytotoxic function specific for IA or whole I region could not be 
blocked by the same reagent (Swain 1981b). These findings are summarized in 
Table I. It recently became apparent that Lytl is not expressed reciprocally to 
Lyt2 (Swain & Dutton 1981, Ledbetter et al. 1981) arid does not block Class 2 
specific function. Thus, at the time these initial experiments were done it was not 
possible to examine the blocking of T cell responses to Class 2 antigens because 
of the lack of an appropriate reagent to define a true reciprocal of Lyt2 (but see 
below). 

Mof e recently it has been shown that the same pattern of observations can be 
documented in humans, mainly in experiments utilizing cloned lines (Engelman 
etal. 1981,Krenskyetal. 1982, Reinherzet al. 1981, Biddisonetal. 1982,Meuer 
et ah 1982). In humans, the marker, Leu 1, would appear to be the equivalent of 
the mouse Lytl that it is expressed to varying degrees on all T cells. Antisera to 
the Lytl and/or Leu 1 do not generally block responses. Leu 2 appears to 
correspond to Lyt2 (Ledbetter et aL 1981). Leu 3, however, has a reciprocal 
distribution to Leu 2 and appears to define the T cell subset that recognizes or is 
restricted to Class 2 MHC antigen. Antibody to Leu 3 has been shown" to block 
the response to Class 2 antigen. 

An equivalent marker, L3T4, has now been found in the mouse by Dialynas 



TABLE in 

Reciprocal Blocking of IL2 Production by MoAbs to Lyt2 andL3T4 



Primed 
Responders 



Stimulator 
B10.T (6R) 



Specificity 
of Mo Ab 



CPM/Culture with 
10% Supernatant 



None 




None 


68 C 60- 77) 


Class I Reactive 








1. B10.G 


+ 


None 


461 (434- 489) 


2. B10.G 


+ 


Lyt2 


112(111- 113) 


3. B10.G . 


+ 


L3T4 


560(546- 574) 


4. B10.G 


-fCon A 


None 


971 (802-1,176) 


Class 2 Reactive 








5. B10.AQR 




None 


830 (656-1,046) 


6. B10.AQR 


+ 


Lyt2 


457 (356- 586) 


7. B10.AQR 




L3T4 


81 ( 77- 86) 


8. B10.AQR 


+Con A 


None 


956 (825-1,101) 



Primed T cell populations were prepared in response to stimulators allogeneic at Class 1 or 
Class 2 MHC. The primed T cells were re-stimulated with the appropriate stimulators in the 
presence or absence of monoclonal antibodies to Lyt2 or L3T4 and the 24-h IL2 production 
assayed on an IL2 dependent cell line as previously described (Swain et aL 1983). 
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and his colleagues, and is defined by the monoclonal antibody GKL5 (Dialynas 
et al. 1983). We were then able to complete our analysis in the mouse and report 
here that GKL5 (anti-L3T4) can block allogeneic help and lymphokine 
production elicited by Class 2 but not Class 1 MHC. The results, using bulk 
cultures, are illustrated in Tables II and III. It can be seen that antibody to L3T4 
was able to inhibit both allo-help (Table II) and the production of IL2 (Table III) 
to I region antigens and Mis, but not to those encoded by K and D subregions. It 
is of interest that monoclonal antibody to LFA 1 (an unrelated cell surface 
antigen) which had been previously reported to block killing to K and D 
(Davignon et al. 1981) showed no class recognition selectivity and blocked 
helper responses to both I and K/D. The impressive correlation of Lyt 
phenotype, blocking with Lyt antibodies and recognition of MHC subregion in 
the mouse is summarized in Table IV. 

2. Xenogeneic T cell responses recognize only allelic specificities 

Lindahl and Bach (1975, 1976) showed that the response of human T cells to 
mouse lymphocytes was allele-specific and that there was no response to the 
non-polymorphic 'mouse* MHC determinants. 

We have confirmed and extended these observations in our own study of 
human anti-mouse mixed lymphocyte responses (Swain et al. 1983). In these 
studies we showed that T cells stimulated with mouse lymphocytes in a primiary 
in vitro response could only be re-stimulated by MHC compatible mouse 
lymphocytes in a secondary response. Responses re-stimulated with whole H-2 
compatible or Clafcs 1-compatible stimulators resulted in the development of 

TABLE IV 



Reciprocal Blocking of Allogeneic T Cell Reactivity to Class 1 and Class 2 MHC Subregion 

Antigens 


MHC 

Subregion 

Recognized 


Function 


Anti- 
Lyt2 
Blocking 


Anti- 
L3T4 
Blocking 


Anti- 
LFA-1 
Blocking 


Class 1 


Help (1°) 

IL2 production (2°) 
Cytotoxicity 


+ + + 
+ + + 
+ +• + 




+ + + + 
+ + + + 
+ + + 


Class 2 


Help (1°) 

IL2 production (2°) 
Cytotoxicity (1° and 2°) 


+/- 


+ + + 
+ + + 
+ + 


+ + + + 
+ + + + 
+ + + + 



♦ Data from Davignon et al. 1981. Based on data in this review and in Swain, Dialynas, 
Fitch and English, manuscript in preparation. 
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TABLE V 

Specificity of Human T Cells Responsive to Mouse Stimulators 



Restimulator or target 


Response measured 


genes shared with 


(Degree) 




primary stimulator 


IL2 production v 


Target lysis 


Whole MHC± Background 


+ + + 


+ + + 


Background 






Class 1± Background (K or D) 




+ + + 


Class 2± Background 


+ + + + 





Suscepi 



This data is a summary of our experience with human anti-mouse responses. Details and 
experimental methods can be found in Swain et al. (1983). Primary cultures of 4X 10 7 human 
PBLs and 1 X10 7 mouse splenic T-depIeted, mi togentreated stimulators were cultured for 7-10 
days in 20 ml in flasks. Cells were recultured with mouse 2° stimulator cells from mice 
sharing MHC and/or background genes with those used in the primary culture. IL2 
production was determined by assaying the 24-h culture supernatants of 2° cultures. 
Cytotoxicity was determined on Con A plus LPS blasted mouse spleen cells. 



CTL activity specific for the relevant Class 1 allele, While responses re- 
stimulated with Class 2-compatible (to responder) splenic non-T cells generated 
IL2 production. These results are summarized in Table V. 
Two features of these responses can be emphasized. 

1) The response was all directed to allele-specific (polymorphic) determinants, 
i.e., there was no measurable response to any shared mouse MHC 
(monomorphic) determinants or to other non-MHC (background) deter- 
minants. 

2) The human T cells were able to make the same functional distinction between 
murine Class 1 and Class 2 MHC as in the allogeneic and syngeneic response 
in that the appropriate T cell function was correlated with the MHC class 
recognized. 

3. T cells which distinguish MHC class across species barriers are appropriately 
blocked by MoAbs to Leu antigens 

As already indicated in the previous section, the response of human T cells to 
mouse Class 2 antigens resulted in IL2 production while CTL were generated in 
response to Class 1 antigens. The fact that human T cells distinguished mouse 
Class 1 and Class 2 structures in analogous manner to that in responses within 
the species was further illustrated by blocking experiments with anti-Leu 2 and 
anti-Leu 3 reagents. The cytotoxic response to K and D was blocked by anti-Leu 
2 while the IL2 production elicited by restimulation with Class 1 was blocked by 
anti-Leu 3. These findings (Swain et al. 1983) are illustrated in Table VI. 
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TABLE VI 




Susceptibility to Anti-Leu 2a and 3a Blocking of 2° Human and Mouse Responses 


Specificity of 




% specific 


Anti-Leu 


IL2 


Antibody 


Production 


Cytotoxicity 




zJCPM 




None 


768 


22 


Leu 2a 


804 


8 


Leu 3a 


-8 


26 



Primary cultures of .human PBLs were set up against BIO. A (3R) mouse, T-depleted splenic 
stimulators. After 10 days cultures were re-stimulated with BIO. A (3R) T-depleted spleen cells. 
Supernatants were harvested after 18 h to determine IL2 production and specific cytotoxicity 
was determined after 4 days on LPS plus Con A BIO. A (3R) blasts. Further details in Swain et 
al. 1983. 



DISCUSSION 
1. Implications of experimental observations 

Before going on to a broader discussion of T cell recognition, the significance of 
the apparent involvement of Lyt and Leu antigens in T cell recognition of MHC 

class will be analyzed. 

The correlation of the expression of the Lyt2 antigen with recognition of Class 
1 MHC is very impressive when bulk populations of normal or short term in vitro 
primed T cells from mouse spleen are used in the functional assays used in our 
experiments. These include unprimed and in vitro primed allo-help and IL2 
production (Swain 198 lb) and in vivo primed cytotoxic responses (Swain 198 lb). 
In contrast, published results in unprimed cytotoxic responses in the mouse are 
somewhat less consistent, for instance: while Vidovic et al. (1981) found most 
Class 2-specific killers came from Lyt2" precursors, Miller & Stutman (1982) 
found anti-Lyt2 blocking of both Class 1- and Class 2-directed cytotoxic T cells. 
In our experiments, Class 2-specific precursors of cytotoxic effectors expressed 
less Lyt2 than those directed to Class 1, but a certain proportion were, 
nonetheless, removed by anti-Lyt2 and C treatment. Furthermore, among 
hybridomas and cytotoxic clones are found examples of Class 1-specific 
cytotoxic effectors which do not appear to express Lyt2 (MacDonald et al. 1982) 
and which are not always blocked by anti-Lyt2 reagents (MacDonald et al. 
1982). There are several possible explanations for these deviations from the Lyt- 
MHC s.ubregion rule. 

The first explanation, only applicable to the bulk CTL responses, is that some 
T cells in putative I region only different cultures, may really be specific for non- 
K or -D Class 2 antigens including L, R, Qa and possibly others. This is not 
unlikely in bulk cultures and indeed among cloned I-specific (mouse) and DR- 
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specific (human) lines or clones where the specificity has been determined, a very 
good correlation has been found, i.e., an absence of Lyt2 and Leu 2 markers and 
presence of L3T4 and Leu 3 (Swain et al. 1981, Dialynas et al. 1983, Krensky et 
al. 1982, Meuer et al. 1982). 

However, this explanation does not deal with T cell clones which can be 
shown to be specific for Class 1 and yet lack and/or are not blocked by, anti 
Lyt2. The exceptions in these cases put important constraints on the possible 
roles for Lyt2. Long term lines and clones, however, may not always accurately 
reflect normal phenotypes. Nonetheless, it is clear that Lyt2 molecules are not 
always involved in T cell recognition of Class 1 MHC 

In order to interpret these results, several more facets of blocking with 
monoclonal and polyclonal antibodies are relevant 

(1) Very few reagents specific for T cell surface markers have been found 
which are able to block T cell function despite extensive attempts to find such 
reagents (reviewed in Immunol. Rev. 68). The first of these, and one of the two 
most commonly found, are reagents to Lyt2 which were first found to block 
cytotoxic function by Shinohara and Sachs (1979) and Nakayama et al, (1979). 
Since those initial reports, a wide variety of studies have confirmed and extended 
these observations (reviewed in Immunol. Rev. 68). The only other commonly 
found antibodies which block function are those against the high molecular 
weight antigens termed LFA-1 (Davignon et al. 1981, Pierres et al. 1982) which 
are large proteins (94-1 08K) expressed on all subsets^ofT cells (as well a B cells). 
Antibody to LFA-1 blocks multiple T cell functions (all tested) regardless of 
specificity (Davignon et al. 1981, Pierres et al. 1982, and results in this report). 

(2) Anti-Lyt2 reagents appear to block cytotoxicity (both induction and 
effector function) at the very early phase of precursor/effector interaction with 
the target (Fan et al. 1980, MacDonald et al. 1982, Goldstein et al. 1982, 
Hollander 1982, Springer et al. 1982). Furthermore, lectins such as Con A 
overcome both the target specificity of killing and blocking with anti Lyt2. Alio- 
help and IL2 production are also blocked at the induction stage (Swain 1981b) 
and Con A also overcomes both the specificity and blocking (Swain 1981b). In 
all cases the T cell is clearly the target. Both of these facets suggest anti-Lyt2 
blocks recognition. 

(3) Finally, molecules of similar structure are found in many species (mouse, 
human, rat) and in all cases antisera and monoclonal antibodies to these 
structures have been found which block function. 

Taken together, the above three sets of observations make a persuasive, 
though somewhat circumstantial case that the molecules in question (Lyt2 and 
L3T4; Leu 2, Leu 3) play an important role in T cell response to MHC antigen. 
The most likely role from these and our own observations would be in 
recognition of MHC class. 

The negative data suggests that whatever the role of Lyt2, it is not always 
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obligatory. One way to reconcile these two phenomena is to suggest that the Ly- 
and Leu-encoded molecules interact with monomorphic class-specific deter- 
minants. We suggest that this interaction contributes to or facilitates the 
interaction of the clonally distributed antigen-specific part of the receptors) 
which participates) in recognition of polymorphic determinants on MHC and of 
nominal antigen. It is thus possible that high affinity specific receptors or 
lectin-facilitated binding would not require the facilitatory class-specific interac- 
tion. In fact, data from MacDonald et al. (1982) includes one instance in which 
anti-Lyt2 failed to block the original antigen-induced cytotoxic activity but did 
block a cross-reaction of that same clone consistent with a requirement for Lyt2 
involvement only when a, presumably, lower affinity interaction occurs. Also 
the same group previously demonstrated that primed cytotoxic effectors derived 
from peritoneal exudate were less susceptible to anti-Lyt2 blocking than those 
derived from spleen (MacDonald et al. 1981). 

2. Speculations on T cell recognition 

The experimental observations that we would like to consider in further 
discussion of how T cells recognize MHC include not only those summarized 
above but a number of earlier basic features of the T cell interaction with MHC. 
They are listed and discussed in sequence. 

(1) Approximately 1 % pf the T cell population is activated in response to a 
foreign MHC allele. The exact figure is not important, but it has been clear from 
the earliest experiments (Dutton 1965, Nisbet et al. 1969) that perhaps the 
majority of all T cells must be reactive to one or another foreign allele. This 
feature was neither explained or rendered less remarkable when it was revealed 
that all T cell responses to non-MHC antigens are restricted to self-MHC (Katz 
et al. 1973, Zinkernagel & Doherty 1975). There would appear to be only two 
explanations: either that the recognition structures consisted of a limited set of 
specificities restricted to the recognition of allogeneic MHC or that the 
repertoire was "open" (and large) but there is a "bias" towards MHC that allows 
a single MHC allele antigen to capture a large portion of the T cell repertoire. 

(2) The T cell recognition of MHC is limited to the polymorphic parts of the 
molecule. This is seen both in the self-MHC restricted response to non-MHC 
antigen (Zinkernagel & Doherty 1979) and in the response to allogeneic MHC. It 
might be argued that the lack of a response to the invariant part of the molecule 
was due to the elimination of such reactivity by a mechanism of tolerance- 
induction to self-components. The finding of a similar preoccupation with 
polymorphic determinants in xenogeneic responses discussed above and seen in 
several other xenogeneic situations, however, would seem to rule out an 
explanation based on self-tolerance, unless the non-polymorphic regions were 
extremely conserved between species, which, from the data available, does not 
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seem to be the case. Again there would seem to be a constraint either on the 
repertoire of receptor structures itself and/or upon the way it functions; e.g., 
some sort of obligatory interaction with MHC polymorphic regions. 

(3) T cell clones specific for non-MHC antigens restricted to self-MHC 
(self+X) often cross-react with a foreign MHC allele (originally described by 
Sredni & Schwartz 1981). The frequency of such reactivity in some cases is so 
high as to suggest that perhaps all T cells react with one or another of the species' 
polymorphic structures of MHC. Further interpretation of this is heavily 
weighted by whether one considers a two-receptor of one-receptor model for T 
cell recognition. Several pieces of information presented in this review seem 
relevant here. 

(4) T cells that recognize Class 1 MHC antigens carry different cell-surface 
molecules from those that recognize Class 2 MHC antigens. (5) This recognition 
operates across species barriers and (6) the consequences of recognition can be 
blocked by the presence of antibody to the appropriate cell-surface marker. We 
consider that the most likely conclusions to be drawn from this are: first, thatthe 
recognition of MHC class is carried out independently from the recognition of 
MHC polymorphic determinants (and the non-MHC antigen); and second, that 
the relevant cell surface structures are in some way associated with this 
recognitibn as outlined earlier. 

3. A model for the T cell receptor 

We have, therefore, proposed a model (Swain et al. 1983) in which the 
recognition of MHC class is separated from the recognition of MHC poly- 
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MHC ± antigen (one receptor or two) 



Recognition 
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(trans species) 



Class 1 or Class 2 
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(conserved) 




Tcell 
receptor 
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.Noh MHC 
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APC or target 
cell membrane 
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Figure 1. Hypothesis for recognition of MHC class and polymorphic determinants by T cells. 
This model was previously published in J. Exp. Med 157, 720. 
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morphic determinants and non-MHC antigen (see Figure 1). We further suggest 
that the recognition of the class-specific part of the MHC molecule 'positions* 
the receptor so that it can only interact with area where the polymorphic 
variations occur. The concept conveyed by the model can be drawn in many 
ways and the version presented here is merely one presentation of the principles 
involved. We have drawn the separate components of the model joined together 
with a single attachment to the membrane. The two components could be 
independently attached and need not be associated with one another before the 
interaction occurs or even then. In its essence, this model is not affected by 
whether MHC and non-MHC are recognized by one or two recognition events. 

SUMMARY 

We have presented and/or briefly reviewed data which indicates that there are 
two T cell subsets which interact respectively with the two Classes (1 and 2) of 
MHC antigen and which can be identified by the Ly (mouse) or Leu (human) 
molecules that they express. This correlation, and the large body of (largely) 
circumstantial but still quite convincing data, suggests that these Ly and Leu 
molecules play a very important role in T cell responses by actually interacting 
with monomorphic MHC class specific determinants. We suggest that this 
interaction facilitates and possibly helps direct the binding of the T cell receptor 
to polymorphic MHC determinants and antigen. In this model T cell 
"recognition" of MHC and antigen consists of several independent but 
connected interactions of T cell surface structure with MHC molecules and 
antigen on antigen-presenting cells or targets. 
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INTRODUCTION 



It is the purpose of this review to summarize our recent observations and those 
of other researchers on several aspects of T cell subsets as they relate to 
recognition of major histocompatibility complex (MHC) antigens. These 
observations have led us to conclude that there are two subsets of T cells which 
recognize respectively the two classes of MHC antigen (Class 1 and Class 2) and 
which can be identified by their Lyt (murine) or Leu (human) phenotype. Several 
features of the T cell recognition of MHC have led us to propose that there are 
two separate components of this recognition. In one component, T cell molecules 
(probably related to or identical to the Lyt or Leu molecules) interact with an 
invariant part(s) of either the Class 1 or Class 2 molecule which is monomorphic 
for that class. In the second component, the "T cell receptor" (which could.either 
be independent or linked to the class-interaction molecule) recognizes the 
polymorphic determinants of the same MHC molecule. This recognition would 
be of the MHC alone in the dual recognition model or of MHC plus non-MHC 
antigen in the interaction antigen or altered self-model. The three sets of 
experimental observations, which will be presented below, led to the following 
conclusions: 

1) The Lyt or Leu phenotype and susceptibility to blocking with appropriate 
antibodies of the vast majority of murine and human T cells correlates with 

. the Class of MHC molecule recognized by those T cells. 

2) Xenogeneic T cells respond only to allele-specific MHC determinants and are 
not directed to species-specific non-MHC or monomorphic MHC deter- 
minants. ... . ]vm _ 

3) T cells responding across species barriers make the same distinction of MHC 
Class as do T cells participating in allogeneic or syngeneic interactions. 
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EXPERIMENTAL OBSERVATIONS 

1. Lyt and Leu phenotypes and susceptibility to MoAb blocking are associated with 
recognition of MHC class not with T cell function 

The experiments of Cantor and Boyse (1976) in the mouse had established that 
in most cases helper T cells express Lytl but not Lyt 2 molecules while cytotoxic 
and some suppressor cells express Lyt2 but not Lytl molecules. It had also been 
demonstrated that helper cells recognize allogeneic or are restricted to self Class 
2 MHC molecules while cytotoxic T cells recognize allogeneic or are restricted to 
self Class 1 molecules (for early reviews see Bach et al. 1976, Sprent 1978, 
Doherty et al. 1976). Thus, it was established that there is a triple correlation in 
which helper T cells are Lytl + 2" and recognize Class 2 MHC antigens while 
cytotoxic T cells are Lytl"2 + and recognize Class 1 MHC antigens. 

We showed in our earlier experiments that there can be exceptions to the 
correlation between T cell function and MHC class in the response to foreign 
MHC alleles (discussed in Dutton et al. 1978). In an analysis of these exceptions, 
we were able to show that the cell surface phenotype of the T cell correlates more 
faithfully with the class of MHC molecule recognized than with the T cell 
function. In bulk cultures of normal spleen cells, helper T cells that recognized 
Class 1 K- and D-encoded antigens were Lyt2 + while cytotoxic T cells, both in 
bulk populations and in one cloned line that recognized IA, were either Lyt2- 
negative (cloned line) or expressed much lower amounts of Lyt2 than CTL 
directed against K or D allo-antigens (Swain & Panfili 1979, Swain et al. 1979, 
Swain et al. 1981). We also showed that in the case where there was an unusual 
correlation between class recognition and function there was no restriction to 
the usual class of MHC (Swain 1981a). 

TABLE I 

Lyt 2 Expression and Susceptibility to Anti Lyt 2 Blocking is Associated with Class 1 MHC 

Recognition by T Celb of Several Functions 



MHC Subregion Lyt 2 Anti-Lyt 2 

Recognized Function Expression Blocking 



Class 1 










Help(l°) 


+ + + 


+ + + 




IL2 production (2°) 


+ + + 


++ + 




Cytotoxicity (1° and 2°) 


+ + + 


+ + 


Class 2 


Help (1°) 








IL2 production (2 s ) 








Cytotoxicity (1°) 


+/- 


+/- 




Cytotoxicity (2°) 


+/- 


+/- 



Based on data from Swain and Panfili (1979), Swain (1981) and Swain, (unpublished) on the 
allogeneic T cell response. 
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Class 1 MHC 

Vnti-Lyt 2 
Blocking 

+ + + 
+ + + 



{ 





TCeUs 


B Cells 


MoAb 

Specificity 


PFC/culture 


Class 1 Specific 
Expt 1 
K b ~K bmJ 


B6 
+ 
+ 
+ 


B6.bml 
+ 
+ 
+ 
+ 


L3T4 
Lyt2 
LFA-1 


2( 1- 2) 
203 (181-227) 
271 (228-323) 

24 ( 20- 28) 

<2 


Expt 2 


B6 
+ 
+ 


B6.bml 
+ 
+ 
+ 


L3T4 
Lyt2 


<2 

452(381-536) . 
351 (308-399) 
12 ( 5- 28) 


Expt. 3 


B10.G 
+ 
+ 


B10.T (6R) 
+ 
+ 
+ 


L3T4 
Lyt2 


< 

83 ( 70- 99) 
60 ( 56- 64) 
9 ( 4-19) 



Class 2 Specific/or Whole Haplotype 

Expt. 1 - 

B10.T(6R) 

+ 

+ 

Expt. 2 

F-I k B10 



Expt. 3 
H-2 b -H-2 tad 



B10.AQR 
+ 
+ 
+ 



L3T4 
Lyt2 



Mis-Specific 
Expt. 1 
Mls b -Mls* 



2( 1- 3) 
435 (408-465) 
21 ( 9- 52) 
502 (476-531) 





B10.AQR 




<2 


.T (6R) 


+ 




36 ( 26- 48) 


+ 


+ 


L3T4 


6( 3- 9) 


+ 


+ 


Lyt2 


30 ( 25- 36) 




BDFi 




4( 2- 11) 


B6 


+ 




1,056 (1,024-1,087) 


+ 


+ 


L3T4 


98 ( 91-106) 


+ 


+ 


Lyt2 


626 (556-704) 


+ 


+ 


LFA1 


3( 2- 5) 




Dl.LP 




149 (120-184) 


B6 


+ 




614 (442-853) 


+ 


+ 


L3T4 


45 ( 35- 57) 


+ 


+ 


Lyt2 


791 (711-880) 


+ 


+ 


LFA-1 


11 ( 7- 17) 



+/- 



In these experiments T-depleted B cells developed PFC in response to SRBC and were helped 
by allogeneic T cells that differed at either Class 1 or Class 2 loci or at Mis. The monoclonal 
antibodies were present throughout the 4-day culture period. 
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The same correlations could be shown in experiments where Lyt2 monoclonal 
antibodies were used to block activity. The helper function or IL2 production of 
cells responding to K or D allo-antigens could be blocked by monoclonal anti- 
Lyt2, while cytotoxic function specific for IA or whole I region could not be 
blocked by the same reagent (Swain 1981b). These findings are summarized in 
Table I. It recently became apparent that Lytl is not expressed reciprocally to 
Lyt2 (Swain & Dutton 1981, Ledbetter et al. 1981) arid does not block Class 2 
specific function. Thus, at the time these initial experiments were done it was not 
possible to examine the blocking of T cell responses to Class 2 antigens because 
of the lack of an appropriate reagent to define a true reciprocal of Lyt2 (but see 
below). 

Mote recently it has been shown that the same pattern of observations can be 
documented in humans, mainly in experiments utilizing cloned lines (Engelman 
etal. 1981,KrenskyetaL 1982, Reinherzet al. 1981, BiddisonetaL 1982,Meuer 
et al. 1982). In humans, the marker, Leu 1, would appear to be the equivalent of 
the mouse Lytl that it is expressed to varying degrees on all T cells. Antisera to 
the Lytl and/or Leu 1 do not generally block responses. Leu 2 appears to 
correspond to Lyt2 (Ledbetter et aL 1981). Leu 3, however, has a reciprocal 
distribution to Leu 2 and appears to define the T cell subset that recognizes or is 
restricted to Class 2 MHC antigen. Antibody to Leu 3 has been shown to block 
the response to Class 2 antigen. 

An equivalent marker, L3T4, has now been found in the mouse by Dialynas 

TABLE in 



Reciprocal Blocking of IL2 Production by MoAbs to Lyt2 and LBT4 


Primed 


Stimulator 


Specificity 


CPM/Culture with 


Responders 


B10.T (6R) 


of Mo Ab 


10% Supernatant 


None 




None 


68 ( 60- 77) 


Class I Reactive 








1. B10.G 


+ 


None 


461 (434- 489) 


2. B10.G 




Lyt2 


112(111- 113) 


3. B10.G 


+ 


L3T4 


560(546- 574) 


4. B10.G 


+ Con A 


None 


971 (802-1,176) 


Class 2 Reactive 








5. B10.AQR 


+ 


None 


830 (656-1,046) 


6. B10.AQR 


+ 


Lyt2 


457 (356- 586) 


7. B10.AQR 




L3T4 


81 ( 77- 86) 


8. BI0.AQR 


+Con A 


None 


956 (825-1,101) 



Primed T cell populations were prepared in response to stimulators allogeneic at Class 1 or 
Class 2 MHC. The primed T cells were re-stimulated with the appropriate stimulators in the 
presence or absence of monoclonal antibodies to Lyt2 or L3T4 and the 24-h IL2 production 
assayed on an IL2 dependent cell line as previously described (Swain et aL 1983). 
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and his colleagues, and is defined by the monoclonal antibody GK1.5 (Dialynas 
et al. 1983). We were then able to complete our analysis in the mouse and report 
here that GK1.5 (anti-L3T4) can block allogeneic help and lymphokine 
production elicited by Class 2 but not Class 1 MHC. The results, using bulk 
cultures, are illustrated in Tables II and III. It can be seen that antibody to L3T4 
was able to inhibit both allo-help (Table II) and the production of IL2 (Table III) 
to I region antigens and Mis, but not to those encoded by K and D subregions. It 
is of interest that monoclonal antibody to LFA 1 (an unrelated cell surface 
antigen) which had been previously reported to block killing to K and D 
(Davignon et al. 1981) showed no class recognition selectivity and blocked 
helper responses to both I and K/D. The impressive correlation of Lyt 
phenotype, blocking with Lyt antibodies and recognition of MHC subregion in 
the mouse is summarized in Table IV. 

2. Xenogeneic T cell responses recognize only allelic specificities 

Lindaht and Bach (1975, 1976) showed that the response of human T cells to 
mouse lymphocytes was allele-specific and that there was no response to the 
non-polymorphic 'mouse' MHC determinants. 

We have confirmed and extended these observations in our own study of 
human anti-mouse mixed lymphocyte responses (Swain et al. 1983). In these 
studies we showed that T cells stimulated with mouse lymphocytes in a primary 
in vitro response could only be re-stimulated by MHC compatible mouse 
lymphocytes in a secondary response. Responses re-stimulated with whole H-2 
compatible or Clafcs 1-compatible stimulators resulted in the development of 

TABLE IV 

Reciprocal Blocking of Allogeneic T CeU Reactivity to Class 1 and Class 2 MHC Subregion 

Antigens 



MHC 

Subregion 

Recognized 


Function 


Anti- 
Lyt2 
Blacking 


Anti- 
L3T4 
Blocking 


Antj- 
LFA-1 
Blocking 


Class I 


Help (1°) 

IL2 production (2°) 
Cytotoxicity 


+ + + 
+ + + 
+ + + 




+ + + + 
+ + + + 
+ + + + » 


Class 2 


Help (1°) 

EL2 production (2°) 
Cytotoxicity (1° and 2°) 


+/- 


+ + + 
+ + + 
+ + 


+ +++ 
+ + + + 
+ + + + 



* Data from Davignon et al. 1981. Based on data in this review and in Swain, Dialynas, 
Fitch and English, manuscript in preparation. 
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TABLE V 

Specificity of Human T Cells Responsive to Mouse Stimulators 



Restimulator or target 


Response measured 




genes shared with 


(Degree) 




primary stimulator 


IL2 production v Target 


lysis 


Whole MHC± Background 


+ + + + + 


+ 


Background 






Class 1± Background (K or D) 




+ 


Class 2± Background 


+ + + + 





Suscepi 



This data is a summary of our experience with human anti-mouse responses. Details and 
experimental methods can be found in Swain et al. (1983). Primary cultures of 4X 10 7 human 
PBLs and 1 X 10 7 mouse splenic T-depleted, mitogentreated stimulators were cultured for 7-10 
days in 20 ml in flasks. Cells were recultured with mouse 2° stimulator cells from mice 
sharing MHC and/or background genes with those used in the primary culture. IL2 
production was determined by assaying the 24-h culture supernatants of 2° cultures. 
Cytotoxicity was determined on Con A plus LPS blasted mouse spleen cells. 



CTL activity specific for the relevant Class 1 allele, While responses re- 
stimulated with Class 2-compatible (to responder) splenic non-T cells generated 
IL2 production. These results are summarized in Table V. 
Two features of these responses can be emphasized. 

1) The response was all directed to allele-specific (polymorphic) determinants, 
i.e., there was no measurable response to any shared mouse MHC 
(monomorphic) determinants or to other non-MHC (background) deter- 
minants. 

2) The human T cells were able to make the same functional distinction between 
murine Class 1 and Class 2 MHC as in the allogeneic and syngeneic response 
in that the appropriate T cell function was correlated with the MHC class 
recognized. 

3. T cells which distinguish MHC class across species barriers are appropriately 
blocked by MoAbs to Leu antigens 

As already indicated in the previous section, the response of human T. cells to 
mouse Class 2 antigens resulted in IL2 production while CTL were generated in 
response to Class 1 antigens. The fact that human T cells distinguished mouse 
Class 1 and Class 2 structures in analogous manner to that in responses within 
the species was further illustrated by blocking experiments with anti-Leu 2 and 
anti-Leu 3 reagents. The cytotoxic response to K and D was blocked by anti-Leu 
2 while the IL2 production elicited by restimulation with Class 1 was blocked by 
anti-Leu 3. These findings (Swain et al. 1983) are illustrated in Table VI. 
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4X10 7 human 


[ 


.tured for 7-10 


[ 
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D 


culture. IL2 




f 2° cultures. 





r 



Specificity of 




% specific 


Anti-Leu 


IL2 


Antibody 


Production 


Cytotoxicity 




zJCPM 




None 


768 


22 


Leu 2a 


804 


8 


Leu 3a 


. -8 


26 



Primary cultures of. human PBLs were set up against BIO. A (3R) mouse, T-depleted splenic 
stimulators. After 10 days cultures were re-stimulated with B 10. A (3R) T-depleted spleen cells. 
Superaatants were harvested after 18 h to determine IL2 production and specific cytotoxicity 
was determined after 4 days on LPS plus Con A BIO. A (3R) blasts. Further details in Swain et 
al. 1983. 



DISCUSSION 
1 . Implications of experimental observations 

Before going on to a broader discussion of T cell recognition, the significance of 
the apparent involvement of Lyt and Leu antigens in T cell recognition of MHC 
class will be analyzed. 

The correlation of the expression of the Lyt2 antigen with recognition of Class 
1 MHC is very impressive when bulk populations of normal or short term in vitro 
primed T cells from mouse spleen are used in the functional assays used in our 
experiments. These include unprimed and in vitro primed allo-help and IL2 
production (Swain 1981b) and in vivo primed cytotoxic responses (Swain 1981b). 
In contrast, published results in unprimed cytotoxic responses in the mouse are 
somewhat less consistent, for instance: while Vidovic et al. (1981) found most 
Class 2-specific killers came from Lyt2~ precursors, Miller & Stutman (1982) 
found anti-Lyt2 blocking of both Class 1- and Class 2-directed cytotoxic T cells. 
In our experiments, Class 2-specific precursors of cytotoxic effectors expressed 
less Lyt2 than those directed to Class 1, but a certain proportion were, 
nonetheless, removed by anti-Lyt2 and C treatment. Furthermore, among 
hybridomas and cytotoxic clones are found examples of Class 1-specific 
cytotoxic effectors which do not appear to express Lyt2 (MacDonald et al. 1982) 
and which are not always blocked by anti-Lyt2 reagents (MacDonald et al. 
1982), There are several possible explanations for these deviations from the Lyt- 
MHC s.ubregion rule. 

The first explanation, only applicable to the bulk CTL responses, is that some 
T cells in putative I region only different cultures, may really be specific for non- 
It or -D Class 2 antigens including L, R, Qa and possibly others. This is not 
unlikely in bulk cultures and indeed among cloned I-specific (mouse) and DR- 
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specific (human) lines or clones where the specificity has been determined, a very 
good correlation has been found, i.e., an absence of Lyt2 and Leu 2 markers and 
presence of L3T4 and Leu 3 (Swain et ah 1981, Diaiynas et al. 1983, Krensky et 
al. 1982, Meuer et al. 1982). 

However, this explanation does not deal with T cell clones which can be 
shown to be specific for Class 1 and yet lack and/or are not blocked by, anti 
Lyt2. The exceptions in these cases put important constraints on the possible 
roles for Lyt2. Long term lines and clones, however, may not always accurately 
reflect normal phenotypes. Nonetheless, it is clear that Lyt2 mdlecules are not 
always involved in T cell recognition of Class 1 MHC. 

In order to interpret these results, several more facets of blocking with 
monoclonal and polyclonal antibodies are relevant. 

(1) Very few reagents specific for T cell surface markers have been found 
which are able to block T cell function despite extensive attempts to find such 
reagents (reviewed in Immunol. Rev. 68). The first of these, and one of the two 
most commonly found, are reagents to Lyt2 which were first found to block 
cytotoxic function by Shinohara and Sachs (1979) and Nakayama et al. (1979). 
Since those initial reports, a wide variety of studies have confirmed and extended 
these observations (reviewed in Immunol. Rev. 68). The only other commonly 
found antibodies which block function are those against the high molecular 
weight antigens termed LFA-1 (Davignon et al. 1981, Pierres et al. 1982) which 
are large proteins (94-1 08K) expressed on all subsets^of T cells (as well a B cells). 
Antibody to LFA-1 blocks multiple T cell functions (all tested) regardless of 
specificity (Davignon et al. 1981, Pierres et al; 1982, and results in this report). 

(2) Anti-Lyt2 reagents appear to block cytotoxicity (both induction and 
effector function) at the very early phase of precursor/effector interaction with 
the target (Fan et al. 1980, MacDonald et al. 1982, Goldstein et al. 1982, 
Hollander 1982, Springer et al, 1982). Furthermore, lectins such as Con A 
overcome both the target specificity of killing and blocking with anti Lyt2. Alio- 
help and IL2 production are also blocked at the induction stage (Swain 1981b) 
and Con A also overcomes both the specificity and blocking (Swain 1981b). In 
all cases the T cell is clearly the target. Both of these facets suggest anti-Lyt2 
blocks recognition. 

(3) Finally/molecules of similar structure are found in many species (mouse, 
human, rat) and in all cases antisera and monoclonal antibodies to these 
structures have been found which block function. 

Taken together, the above three sets of observations make a persuasive, 
though somewhat circumstantial case that the molecules in question (Lyt2 and 
L3T4; Leu 2, Leu 3) play an important role in T cell response to MHC antigen. 
The most likely role from these and our own observations would be in 
recognition of MHC class. 

The negative data suggests that whatever the role of Lyt2, it is not always 
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obligatory. One way to reconcile these two phenomena is to suggest that the Ly- 
and Leu-encoded molecules interact with monomorphic class-specific deter- 
minants. We suggest that this interaction contributes to or facilitates the 
interaction of the clonally distributed antigen-specific part of the receptors) 
which participate^) in recognition of polymorphic determinants on MHC and of 
nominal antigen. It is thus possible that high affinity specific receptors or 
lectin-facilitated binding would not require the facilitatory class-specific interac- 
tion. In fact, data from MacDonald et al. (1982) includes one instance in which 
anti-Ly t2 failed to block the original antigen-induced cytotoxic activity but did 
block a cross-reaction of that same clone consistent with a requirement for Lyt2 
involvement only when a, presumably, lower affinity interaction occurs. Also 
the same group previously demonstrated that primed cytotoxic effectors derived 
from peritoneal exudate were less susceptible to anti-Lyt2 blocking than those 
derived from spleen (MacDonald et al. 1981). 

2. Speculations on T cell recognition 

The experimental observations that we would like to consider in further 
discussion of how T cells recognize MHC include not only those summarized 
above but a number of earlier basic features of the T cell interaction with MHC. 
They are listed and discussed in sequence. 

(1) Approximately 1 % pf the T cell population is activated in response to a 
foreign MHC allele. The exact figure is not important, but it has been clear from 
the earliest experiments (Dutton 1965, Nisbet et al. 1969) that perhaps the 
majority of all T cells must be reactive to one or another foreign allele. This 
feature was neither explained or rendered less remarkable when it was revealed 
that all T cell responses to non-MHC antigens are restricted to self-MHC (Katz 
et al. 1973, Ziiikernagel & Doherty 1975). There would appear to be only two 
explanations; either that the recognition structures consisted of a limited set of 
specificities restricted to the recognition of allogeneic MHC or that the 
repertoire was "open" (and large) but there is a "bias" towards MHC that allows 
a single MHC allele antigen to capture a large portion of the T cell repertoire. 

(2) The T cell recognition of MHC is limited to the polymorphic parts of the 
molecule. This is seen both in the self-MHC restricted response to non-MHC 
antigen (Zinkernagel & Doherty 1979) and in the response to allogeneic MHC. It 
might be argued that the lack of a response to the invariant part of the molecule 
was due to the elimination of such reactivity by a mechanism of tolerance- 
induction to self-components. The finding of a similar preoccupation with 
polymorphic determinants in xenogeneic responses discussed above and seen in 
several other xenogeneic situations, however, would seem to rule out an 
explanation based on self-tolerance, unless the non-polymorphic regions were 
extremely conserved between species, which, from the data available, does not 
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seem to be the case. Again there would seem to be a constraint either on the 
repertoire of receptor structures itself and/or upon the way it functions; e.g., 
some sort of obligatory interaction with MHC polymorphic regions. 

(3) T cell clones specific for non-MHC antigens restricted to self-MHC 
(self+X) often cross-react with a foreign MHC allele (originally described by 
Sredni & Schwartz 1981). The frequency of such reactivity in some cases is so 
high as to suggest that perhaps all T cells react with one or another of the species' 
polymorphic structures of MHC. Further interpretation of this is heavily 
weighted by whether one considers a two-receptor of one-receptor model for T 
cell recognition. Several pieces of information presented in this review seem 
relevant here. 

(4) T cells that recognize Class 1 MHC antigens carry different cell-surface 
molecules from those that recognize Class 2 MHC antigens. (5) This recognition 
operates across species barriers and (6) the consequences of recognition can be 
blocked by the presence of antibody to the appropriate cell-surface marker. We 
consider that the most likely conclusions to be drawn from this are: first, that the 
recognition of MHC class is carried out independently from the recognition of 
MHC polymorphic determinants (and the non-MHC antigen); and second, that 
the relevant cell surface structures are in some way associated with this 
recognition as outlined earlier. 

3. A model for the T cell receptor 

We have, therefore, proposed a model (Swain et al. 1983) in which the 
recognition of MHC class is separated from the recognition of MHC poly- 
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Figure L Hypothesis for recognition of MHC class and polymorphic determinants by T cells. 
This model was previously published in J. Exp. Med. 157, 720. 
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morphic determinants and non-MHC antigen (see Figure 1). We further suggest 
that the recognition of the class-specific part of the MHC molecule 'positions' 
the receptor so that it can only interact with area where the polymorphic 
variations occur. The concept conveyed by the model can be drawn in many 
ways and the version presented here is merely one presentation of the principles 
involved. We have drawn the separate components of the model joined together 
with a single attachment to the membrane. The two components could be 
independently attached and need not be associated with one another before the 
interaction occurs or even then. In its essence, this model is not affected by 
whether MHC and non-MHC are recognized by one or two recognition events. 
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SUMMARY 

We have presented and/or briefly reviewed data which indicates that there are 
two T cell subsets which interact respectively with the two Classes (1 and 2) of 
MHC antigen and which can be identified by the Ly (mouse) or Leu (human) 
molecules that they express. This correlation, and the large body of (largely) 
circumstantial but still quite convincing data, suggests that these Ly and Leu 
molecules play a very important role in T cell responses by actually interacting 
with monomorphic MHC class specific determinants. We suggest that this 
interaction facilitates and possibly helps direct the binding of the T cell receptor 
to polymorphic MHC determinants and antigen. In this model T cell 
"recognition" of MHC and antigen consists of several independent but 
connected interactions of T cell surface structure with MHC molecules and 
antigen on antigen-presenting cells or targets. 
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MONOCLONAL ANTIBODY TO L3T4 BLOCKS THE FUNCTION OF T CELLS 
SPECIFIC FOR CLASS 2 MAJOR HISTOCOMPATIBILITY COMPLEX ANTIGENS 1 

SUSAN L. SWAIN,* DENO P. DIALYNAS.t FRANK W. FITCH.t and MICHELE ENGLISH* 

From the 'Department of Biology. University of California. San Diego. La Jolla, CA 92093; and the i Department of 

Microbiology and Pathology, University of Chicago. Chicago, IL 60637 

The ability of antibody to Lyt-2 and to the newly 1 molecules Include the well-studied K and D- encoded 

described L3T4 antigen to block the functions of molecules. The recognition of these class 1 molecules Is 

helper T cells with specificity for allogeneic class 1 generally correlated with T cells that have cytotoxic f unc- 

or class 2 MHC fubregion antigens was determined, tlon. The class 2 molecules consist of two MHC-encoded 

Anti-Lyt-2 blocked both allohelp delivered by un- transmembrane chains of approximately 34.000 and 

pruned T cells and IL 2 Paction by pruned T cells 28 000 m . w ., termed a and ^chains. These correspond 

wnen tne response was airectea to class l MHC to the I region molecules of the mouse, which Include the 

antigens, out had no effect when the response was T * „ nA ~r o 

dirked to class 2 MHC or Mis antigens. Anti-L3T4 ^l 1 !® *f ° n ^ eci ?5' 7*? tlT 

had reciprocal activity. A control reagent. anti-LFA- ™lecules is generally correlated with T cells that have 

1. blocked all responses tested regardless of sped- . or to * ucer functi °a IW)- Thus there is a func- 

ficity. This and other reports provide strong evi- Uona} weU as chemlcal distinction between class 1 

dence that L3T4 is the murine equivalent of the and dass 2 MHC molecules In their role as antigens 

human T cell markers Leu 3/OKT4. The ability of recognized by T cells. 

antibodies directed against Lyt-2 and L3T4 to block Subsets of T cells have also been identified by their 

T cell function in a fashion determined by the class expression of a series of surface markers termed Lyt in 

of MHC antigen recognized by the T cell further the mouse and Leu or OKT in the human. It was appre- 

supports the hypotheses that Lyt-2 and L3T4 mol- elated quite early that expression of these markers on T 

ecule in the mouse and Leu-2 and Leu-3 molecules cells showed a good association with function. Thus, In 

in the human are involved in the interaction of the the mouse, the subset of T cells expressing Lyt-1 , but not 

T cell with class-specific determinants on MHC mol- expressing Lyt-2, was found to contain the major fraction 

ecules. of helper activity, whereas that subset expressing Lyt-2 

contained most T cells capable of cytotoxic function (5). 

.... , ... . , . . . , . p This pattern was later reproduced in studies on human 

It has become clear tn the past decade that most, if not T cell ^ whlch ^so gelded new and important Insights, 

all helper and cytotoxic T ceUs must recognize and Inter- Human were found that corresponded to Lyt-2 

act with major histocompatibility complex (MHC)' mole- ^ 2 or ^T5/8 ^ B thls ^ it had become 

odes to function. This requirement is reflected In non- appreclated mat L ^ ^ ^ mouse was not reciprocally 

MHC anOgen-speclfic responses by the phenomenon of e^sed mth Ly £_ 2 . functional T cells had the 

MHC restrlcbon and In nonhomologous responses In the L £ 1+2+ henot ^ e (5( 8 _ ^ and all T cells expressed 

7S?p « rC3P ° nSe t0 all °g enelc 311(1 31,(1 xen °S e " some Lyt-1 (9-11). to the human, however, a marker 
neicMHL antigens. termed Leu-3 or OKT4 was found that did show good 

™ CrC ™ ™ fral flktag fea uresboth of the T cell reclpr0 cal expression with Leu-2 and did not have the 

molecular characteristics of Lyt-1 (7. 8). An exciting new 
selves. First there are two classes of MHC molecules. dlmenslon was added to the study of these modules 

™£t^ J OUn > m t f SPCC1 ? Sta ^ z™/^ with the reports of Shlnohara and Sachs (12) and Naka- 
dlfferent structure; these are termed class 1 and class 2 „ amQ , ot „, tw f „ , o y.~a „»,.^,.„ 

.. H< „„ ,„ .„ m , . _. . , . _, . , , yama et at (13) that antibody to Lyt-2 had the unique 

S E '£2f Jfl f fT 11 2° 01358 \ rJ e ' ***** to block most cytotoxic function. This conclusion 
cules toe original translation antigens, consist of a was c0nflrmea 5y a number of other WO rkers 

Tf SST « ^ ^ MC ™ monoclonal antibodies (MoAb) (14-16). Studies on 

1X2? Si-SSJ? i? i, ^ non-ivrac. the human T ceU subsets tinned this pattern because 

encoded ^-microglobulin chain. In the mouse, the class MoAb to Leu-2 blocked most allogeneic cytotoxictty (1 7. 

— . ___ 18). Most interestingly, in the human, antibody to Leu-3 

Received for publication September 8. 1983. was able to block proliferation, a response usually asso- 

$Z?Z£J% ^T^Z^V^ a t -«mw4 i ^ w clated helper function (18). Recently we extended 

Tbe costs of publication of this article were defrayed In part by the ... . ^ *\ . . _ .* ' _ _ . ; _ ^ ^ _. 

payment of page charges. This article must therefore be hereby marked t* 1 ^ Observation to ShOW that anti-Leu-2 blocks cytotoxic 

advertisement in accordance with 18 U.S.C. Section 1734 soldy to lndl- function and anti-Leu-3 blocks IL 2 production when 

^T^^ *ae supported by National Institutes of Health Granta AI- hUma ^ T CeUs rcsP ond <0 xenogeneic mouse Stimulators 
08795. ai-04197, CA-09174, CA-09267, and CA- 19266, American Can- (1 9)* These studies and several of the details of the block- 
ccr Society Grant BMP, and Amertcan Heart Association Established ' ing, which Include the facts that blocking OCCUTS during 

V,< ^e^taUona: MHC, major hlstr^rnpatlhllrty complex: MoAb. mon- events of ceU interactions but not during subse- 

odonai antibody. quent steps (20, 21], and that the lectins such as concan- 
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^ « i j _ ^^^s^rt,^ the Jackson Laboratory, Bar Harbor. ME, and from Dr. Donald 

avalin A (Con A) and phytohernagglutinln can overcome ^^hmgton university School of Medicine, St. Louis. MO), 

blocking (14. 22), fueled speculation that Lyt and Leu Determination of aUohelp. AHohelp Is operationally defined as 

molecules were active In T cell recognition. the striking ability of mitomycln-treated T cells to Interact with 

molecules were atuvc m v& allogeneic T-depleted B cells to cause them to become antibody 

The original descriptions of these Lyt and Leu mole- auogen ^ ^ ^ cuMuMBi mto my*xi C-treated T cells syn- 
cules tended to suggest that they were markers associated ^ to B g ve virtually no help. The cultures are constructed 

with T cell function. Although there Is a strong associa- as reported previously (23). Briefly. T ceUs are obtained I by nylon 

. . . ^ f, tnrt i nn there is also a column passage and are mitomycin C-treated (25 figfb x 10 T cells). 

tion between phenotype and function, there ; is ^ also a ^^ l ^^ lned ^ i een ^ with MoAb to Thy-i .2 

correlation between Lyt/Leu phenotype and the class of * 5) pKl3 c T ^3'^ titrated (5 x 10° to l x io 4 ) into o.i-mi 

MHC molecule to which the T cells are directed. We first cultures containing 6 x 10 5 B ceUs and 0.1% vA^^ 3 !?^ 

raised the poaslbihty that Y^T^rZt^Z $$&g%l ^S&ffi S^hSTOT 
correlation with the class of MHC molecule recognized by Ge^ltric means (± standard errors) of trlpUcate cultures 

the T cell than with T cell function in studies involving m dc termined. AU cells are cultured to RPM1 1640 supplemented 

allogeneic responses to different MHC subreglons (9, 16, with penicilHn. streptomycin, and glutamlne with 5% selected fetal 
23). It was possible in the allogeneic situation to study ^ of t cells to MHC subregiou differences 

the Lyt phenotype of allogeneic helpers specific for either fa accomp u ahed in ulrro as described (3 1 1. Briefly. 2.5 x 10 7 spleen 

class 1 or class 2 MHC antigens and of cytotoxic effectors ceUs 0 f the responding strain are cultured with an equal number of 

with similar subregion specificities. In all of these jsitua- ^^^^^^^^f^. 

tions. the expression of Lyt-2 was correlated with class ^^ uch priming typtaty result8 to at least a 10- to 20-foM 

1 MHC recogntiion rather than with function (16. 23). lncrea8e to the specific response and loss of third party responses 

tvimp studies were later extended to include a T cell line (31). „ , , 

wi^oS^vity that was specific for class 2(24^ ^ffiSSfft^ 

Finally we tested the ability of MoAb to Lyt-2 to block /miof anU-Thy-1.2 (F7D5) plus C. mitomycin c-treated stimulators, 

these subregion-specific responses, and again the block- and the supernatants are collected after 16 to 20 nr. The presence 

mg was corfelated with recogniUonof class 1 molecules f^<£»cT^ 

rather than with function (16). This set of phenomena ^ m m NK ^ described previously (32). Proliferauon of cells 

was incomplete, however, because no reciprocal molecule ^ determined by incorporation of ,3ta iodouridlne deoxyribose added 

associated with class 2 MHC recognition was known and during the last 24 hr of a 48-hr culture (32). Results are expressed 
antibodies directed to Lyt- 1 did not block T cell responses 

(14, 16). hybridomas producing antibody to Lyt-2 t L3T4, and LFA-1 (details 

Experiments In the human systems designed to study below) were added at the initiation of ^^^^^^f^^ J^flJf 3 ^?^^ 1 ^^^^ 1 ^ 

the Ssodatlon of Leu expression as well as the ability of ^^J*^^^ ^f^SSr^ 
MoAb to Leu molecules to block function again confirmed cultures and from 5 to i % for jl 2 production, 

and extended the phenomena in the murine system. It MoAb. Anti-Thy-1.2 (F7D5) was a kind gift of Phil Lake The 

was found in several Independent ^ of hjan T ^^^-^a^^S^S 

ceU lines that Leu-2 expression and the ability of anti- ^Culture FacUlty ^ ^ donated by Drs. Ledbetter and Hereen- 

Leu-2 to block was strongly associated with recognition ^ The culture auperaatants containing anu-L3T4 were obtained 

of class 1 HLA molecules, whereas Leu-3 expression and from the GKl .5 hybridoma (30) ^n^^HH^^of^r" 

the ability of anti-Leu-3 to block was strongly associated W^-lfa-i were from the FD4418 hybridoma (22) of Dr. 
with recognition of class 2 HLA molecules (25-27). yn ^' 

The association of Lyt and Leu expression with MHC results 
subregion recognition and the unusual ability of MoAb to 

these structures to block T cell function are strong evi- Anti-Lyt-2 and antt-L3T4 reciprocally block allege- 
dence for some involvement of these molecules in T cell- m ic help specific for class 1 and class 2 MHC antigens, 
MHC interaction, and further suggest that these mole- respectively. The effect of anti-Lyt-2 and antl-L3T4 on 
cules might play a role in discriminating class 1 from allogeneic help specific for class 1 or class 2 MHC anti- 
class 2 MHC molecules. gens was determined. T cells were taken from spleens of 
Recently Dialynas and colleagues (26. 28) developed a inbred mice and titrated into cultures of T-depleted 
MoAb with specificity for murine T cell surface molecules spleen cells from allogeneic Inbred mice as a source of B 
that are reciprocally expressed with Lyt-2 and have the ce lls. Inbred strains were chosen that differed only in H- 
same gross biochemical characteristics in electrophoretic 2K or H-2D (class 1) or at the I region (class 2). Anti-Lyt- 
analysia as Leu-3 or 0KT4 molecules in the human, with 2( anti-L3T4, or anti-LFA-1 were included at various 
an apparent m.w. of 52,000. We report here that this concentrations in parallel cultures. In all cases, the allo- 
anti-L3T4 reagent blocks primary and secondary helper help was assessed by the number of PFC per culture that 
T cell responses to class 2 molecules but not to class 1 developed in 4 days to SRBC as antigen. The results of a 
molecules. These data and data (29. 30) obtained with representative example of such an experiment are illus- 
hybridomas and cell lines provide further evidence that trated in Figure 1 . In Figure 1 a, B6 T cells were titrated 
L3T4 is the mouse equivalent of human Leu-3 and OKT4 against B cells of the B6.bml strain, which express a 
and gives added weight to the hypothesis that Lyt-2, mutant form of the K b molecule. This strain combination 
L3T4 and Leu-2. Leu-3 molecules play an Important role gives a very strong allogeneic helper response even 
in T cell interaction with MHC molecules. though the difference in MHC Is restricted to class 1 

antigens alone. Culture supernatant containing MoAb to 

materials and methods Lyt-2 completely abrogated this response. In contrast, 

^ Tl , culture supernatants containing MoAb to L3T4 had no 

r.T^^T^t^1^^l^& aftereffect on allogeneic help. Antibody to LFA-1 
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Figure J. Blocking of MHC specific Qllohclp. a. mltoinycin-treated BB 
T cells were titrated at numbers Indicated into triplicate cultures contain- 
ing 6 x 10° B cells fMeplctcd spleen) from B6.bml mice. Cultures were 
set up with no addition (•]; with 2% culture supernatant from the GK1.5 
line (anti-L3T4) (A); with 2% culture supernatant from the 53.6.72 line 
[anti-Lyt-2) (A); or with 2% culture supernatant from the FD4418 line 
(anti-LFA- 1 J p). Mean PFC per culture ± SEM arc indicated, b, mttomycin- 
treated Bl O.AQR T cells were titrated into triplicate cultures of B10.T(6R) 
B cells as in a. The same additions were made as in a. 

TABLE 1 





TOdla 


B Cells 


MoAb 
Spectftctty 


PFC/Cultnre 


Class 1 -specif tc 










Expt. 1 




B6.bml 




2(1-2) 




B6 






203(181-227) 




+ 


+ 


L3T4 


271 (228-323) 






+ 


Lyt-2 


24(20-28) 




+ 


+ 


LFA-1 


<2 


ExpL 2 




B10.T(6R) 




<2 




B10.C 






83 (70-99) 




+ 




L3T4 


60 (56-64) 




+ 


+ 


Lyt-2 


9(4-19) 


Class 2 specific or whole haplotype 


Expt. 1 




B10JV9R 




<2 




B10.T(6R) 


+ 




36(26-46) 




+ 


+ 


L3T4 


6(3-9) 




+ 


+ 


Lyt-2 


30(25-38) 


Expt 2 




BDF, 




4(2-11) 




Bd 


+ 




1056 (1024-1087) 






+ 


L3T4 


98(91-106) 




+ 


+ 


Lyt-2 


626(556-704) 




+ 




LFA-1 


3(2-5) 


Mls-speciflc 








Expt. 1 




Dl.LP 




149(120-164) 




B6 


+ 




614<442~-853| 




+ 


■f 


L3T4 


43(35-57) 




+ 


+ 


Lyt-2 


791(711-880) 




+ 


+ 


LPA-1 


11(7-17) 



was also very effective In preventing a PFC response. In 
Figure lb, B10.T(6R) T cells were titrated against B cells 
from B10.A9R mice. These strains differ over the entire 
I region. Again a very strong allogeneic helper response 
was seen. In this case, however, the same preparations 
of MoAb had strikingly different effects. MoAb to Lyt-2 
had no effect on the response, whereas MoAb to L3T4 
completely blocked responsiveness. MoAb to LFA-1 also 
completely blocked the allogeneic help. Similar results 
were seen In three other experiments with the same 
strain combination. Results of some of these experiments 
are included in Table I. 

Several more comments can be made. First, when other 
recombinant inbred strains of mice were used as T and 
B cell donors differing only at class 1 MHC. weaker 



allogeneic help was seen (see Table I) as reported previ- 
ously (23). However, the pattern of anti-Lyt-2 and not 
anti-L3T4 blocking was the same regardless of whether 
the response was a strong one (reflecting a high fre- 
quency of T cells specific for the K* mutant (33)) or a 
weaker one (reflecting the generally lower frequency of 
class 1 -specific allohelpers). As expected, the response to 
a whole MHC region was susceptible to anti-L3T4 and 
was largely resistant to anti-Lyt-2 (Table I). Although a 
40% lower response was seen in the cultures with anti- 
Lyt-2, this degree of blocking Is not reproducible over a 
large number of experiments (not shown, but note pre- 
vious results especially Reference 23). 

Ability qfanti-L3T4 to block class 2 but not class 1- 
specific allohelp. Table II shows a titration of anti-L3T4 
antibody into a response against class 2 MHC (B10.T(6R) 
T cells with B10.A9R B cells) and against class 1 MHC 
(B10.G to B10".T(6R)). It Is clear that MoAb to L3T4 
showed specific blocking of T cells directed to class 2 
MHC over a broad range of doses. A slight inhibition of 
class 1 responses was seen with the addition of L3T4 
supernatants, but this sort of Inhibition may reflect var- 
iation among triplicate cultures (which can be as much 
as twofold), and did not appear to increase with increas- 
ingly larger doses of L3T4, suggesting it is nonspecific. 

Anti-Lyt-2 and antt-L3T4 reciprocally block IL 2 pro- 
duction by T cells primed and restlmulated in vitro 
with class 1 and class 2 differences, respectively. T 
cells were primed in vitro to either class 1 or class 2 MHC 
subreglon differences. Such T cells showed a much en- 

TABLE H 

Ability qf anti-L3T4 to block class 2, but not class I, specific allohelp 



B Cells 



T Cells 



Addition 



PFC/Culture 



B10.AQR B10.T(6R) 



B10.G 



B10.Tf6R) 



None 
Anti-L3T4. 2096 
10% 
5% 
2% 

None 
Anti-L3T4. 20% 
10% 
5% 
2% 



1236(170-1984) 
14(3-54) 
26(17-46) 
15(9-24) 
46(20-106) 
549(427-705) 
355 (315-400) 
331 (291-376) 
185(160-215) 
303(285-320) 
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Figure 2. Blocking of secondary class 1 or 2 MHfc-spectflc responses, 
a. in vitro pruned B10.T(8RjT cells were restlmulated £n irftro with BIO. G 
B cells. Cultures were Incubated with Indicated doses of supernatants 
from GK1.5 (antI-L3T4) (A); 53.6.72 (antl-Lyt-2) (0>. and FD4418 (ant> 
LFA-1) (A). Culture supernatants were collected after 18 hr and their 
content of IL 2 was assayed by the ability of 1 7% of supernatant to cause 
the proliferation (A cpm per culture) of an IL 2-dependent lme. b, condi- 
tions were Identical to a except that B10.T(6R) T cells were pruned and 
restlmulated with Bl O.AQR B cells. 
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. Qr ,^ rP , n0 nse to the ortming MHC aubreglon differ- lficity. This pattern of blocking Is consistent with those 

JStSJSnJ? m^rSSsSess to third party reported for anti-LFA-1 by Springer and coueagues (35) 

MHC antigens as detected both by their ability to give and other Investigators (36) (D. W. Lancki et al manu- 

Seln and bv their production of the lyrnphokine IL 2 script In preparation) and in marked contrast to the 

taSnTeto^^^^ "clp.o-1 blocking of anti-Lyt-2 and anti-L3T4. which 

M«Ah andL3T4 were included during the restlm- depended on whether T cells were responding to class 1 

uSuSn w£ T^ptetS^^^^ Riming hap- ordass 2. It Is Important to note that antibodies to LFA- 

Se and su^Satants were coUected after 18 to 24 hr 1 and the Lyt and Leu families of molecules are the only 

IndEirfc 2 content was determined. It was previously antibodies to T cell surface markers that have been found 

^o\S £at toe wesencTof these MoAb did not affect the consistently to block function except for the recent re- 

portsofdone.s P eclficMoAb.whicha P peartobed^ected 

£e Sated by Figure 2. The supernatants were all to the antigen-specific portions) of the ceU receptor (37. 

SaS mthVlL 2 assay, but only the proliferation of the 38). and antibodies to the human Leu-4/OKT3 molecule. 

S tS£ at 17% Sded supernatants Is shown. Similar which appear to be associated with the clonotyplc recep- 

pffppts were seen at 50 and 6%. Production of IL 2 in tor (41). 

Sn^Tto ctSs 1 MHC antigen (B1(XT(6R) against The impressive nature of the blocking we report to bulk 

BlOGUn Sis cafe was blocked by MoAb to Lyt-2 but not cultures of T cells indicates that the vast majority of T 

fo L3T4 IncoSMoAb to Lyt-2 had no effect on the cells taking part In the allogeneic help and ^noRlne 

n o^Ston TcXr^pondlng to class 2. Whereas production In situ are susceptible to the blocking effects 

?3T4^ verV^tective * WcSSg in this situation. of the Lyt/Leu-speclfic MoAb. and imply that ttiesestruc- 

ES> To^FA^l bS IL 2 proaultion effectively In tures or something physically associatedjvithttem are 

oSS siluiuons ^result was found three times with required for the interaction of the T cell with MHC mole- 

these strain combinations. ^the case of primed TceUs and T cell clones, a number 

discussion of investigators have described Instances in which the 

v, „i„o^i„ t^t MnAh tn appropriate MoAb has failed to block function, even 

The results in this report show c early that MoAb to *PPF appropriate specificity were involved 

L3T4 and to Lyt-2 reciprocally block aUohelp and lym- g^*^™^,,^ Ja unporknt constraints 

phokine production ^^^r^nJls^o miSLSS^f^fl^SL^^Tb^ 

specific for class 2 and class 1 MHC antigens respec- on y mteract ion of Lyt/Leu molecules with 

Uvely. Previously. MoAb to L3T4 was reported to interact 2S^^Ste determtaanla is not always obliga- 

wlth a T cell surface molecule that is expressed on normal ^^^^ these fallures of blocking could be 

T cells and In most T cell lines and hybrldomas recipro- J^fflSdTttitalittons between T ceU receptors and 

cally with Lyt-2 ,28-30). The molecule P«clpltat^ by ^^J"^ 

the antl-L3T4 has an apparent m. w. of 52.000 and be s ^, fieated {L MacDon ald and colleagues (21). Certainly 
haves similarly to Leu-3/OKT4 pn polyacrylamlde gel ^ffSuSmSe heterogeneltylmong T cell clones 
electrophoresis (28). m addition. anti-L3T4 was ^ound to J^iSW* blocking with anti- 
block the class 2 MHC-speclfic cytolytic toe AIM. 17 ^""J^^ et aL> ^ owever , nave also presented 
(28. 30. 34). Thus there is good evidence that L3T4 Is the certaln T ^ dones specific for class 1 
murtaehomologueof Uu-3/OKT4^andfurtoermor^at ^^J™*^^^ expression of Lyt-2 (21). 
the murine and human T cell surface markers m,ght be ^^ e ^ f Xe virtuaUy complete suppression of normal 
involved in a similar fashion in interaction with class 2 ^ U ^^™ en ^ £ d to 0 £ previous studies 

MHC molecules. f 161. It seems that these T cells must be rare in unprtmed 

The results In this paper extend this picture to bulk ^JJJL ^ ^ ^ m08t feasible way to reconcile 

populations of normal T cells. With the previously re- E^Xfis to postulate that Lyt-2 and L3T4 mole- 

pcrted results indicating Lyt-2 blocking of class 1 directed ^^S 0 u«a^Leu-2 and Leu-3 molecules in the 
response regardless of T cell { ^ U °^™«j^^^ e human do Interact with MHC molecules of class 1 and 
T cell lines specific for class 1 expressed and were interaction Is not directly required 

blocked by anti-Leu-2. while toes specific for cl^ 2 f^ 2 ^™^ ^sted it increases the relative 
expressed and were blocked by anti-Leu-3. a striking fc*T . ^ antigen-specif 1c T cell reeep- 

pattern emerges that Is similar In mouse and rr*n In £ e tf Sen. Including polymorphic -restrict- 

both species there are T cell surface molecules of similar |^^ s j^ ^ £ of spontaneously 

structure strongly associated in a class-specific manner ^ESS^StaSrfSSd dass 2^1C-reactive 
with recognition of MHC antigens. In both cases, some ^ g h ^ dom ^^,stent with the model (P. Mar- 
MoAb to these structures have the unique property of T *D W«2S^«S!S«m tion). Similar concepts 
blocking the interaction of T cells with -^en-present- She7?Srts by us (19. 40) and 

ing cells or target cells at an early stage, which correlates £%b!£&l*t ^ Relnhe ^ et aL (41 ,. and Biddi- 
temporally with recognition events. Dy , , TTZ, 1 

Furthermore, as we reported previously, the xenogeneic sonetoi (2/J. ta ««in<)i» un. 

interactions that occur when human T cells recognize The alternative explanation ^ 
mouTe MHC molecules are appropriately blocked by Ukely with the large amount of recent data showtog a 
MoTb to Uu-2 and Leu-3 struck on such human T similar partem of association of Lyt and ^^T 
iiriQi nitlon of MHC class in diverse systems, is that these l 

iL Studies in this report, the MoAb to LFA-1 con- eeU«fa«m^«aotlm^lBlJ«^2^ 

sistently blocked all T cell responses, regardless of spec- selves but are 'spatially associated with structures re 
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quired in T cell function, or somehow give negative sig- 
nals to the cell. Although such possibilities should not be 
dismissed, we believe that the specificity of these mole- 
cules for either class 1 or class 2 directed interactions, 
their impressive evolutionary conservation revealed by 
the striking similarities of the murine and human sys- 
tems, and the relative uniqueness of cell surface markers 
against which blocking antibodies can be raised, as well 
as the mechanistic data that indicate blocking occurs at 
the level of T cell interaction with other cells, provide a 
large amount of circumstantial evidence that the Lyt and 
Leu molecules are directly involved in interaction with 
MHC antigens. 

Acknowledgments, We thank Linda Walker for tech- 
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MONOCLONAL ANTIBODY TO L3T4 BLOCKS THE FUNCTION OF T CELLS 
SPECIFIC FOR CLASS 2 MAJOR HISTOCOMPATIBILITY COMPLEX ANTIGENS 1 
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The ability of antibody to Lyt-2 and to the newly 
described L3T4 antigen to block the functions of 
helper T cells with specificity for allogeneic class 1 
or class 2 MHC subregion antigens was determined. 
Anti-Lyt-2 blocked both allohelp delivered by un- 
prixned T cells and IL 2 production by primed T cells 
when the response was directed to class 1 MHC 
antigens, but had no effect when the response was 
directed to class 2 MHC or Mis antigens. Anti-L3T4 
had reciprocal activity. A control reagent, anti-LFA- 
1, blocked all responses tested regardless of speci- 
ficity. This and other reports provide strong evi- 
dence that L3T4 Is the murine equivalent of the 
human T cell markers Leu 3/OKT4. The ability of 
antibodies directed against Lyt-2 and L3T4 to block 
T cell function in a fashion determined by the class 
of MHC antigen recognized by the T cell further 
supports the hypotheses that Lyt-2 and L3T4 mol- 
ecule in the mouse and Leu-2 and Leu-3 molecules 
in the human are involved in the interaction of the 
T cell with class-specific determinants on MHC mol- 
ecules. 

It has become clear tn the past decade that most. If not 
all, helper and cytotoxic T cells must recognize and Inter- 
act with major histocompatibility complex (MHC) 3 mole- 
cules to function. This requirement Is reflected in non- 
MHC antigen-specific responses by the phenomenon of 
MHC restriction and In nonhomologous responses In the 
very large T cell response to allogeneic and and xenoge- 
neic MHC antigens. 

There are several striking features both of the T cell 
response to MHC antigens and of the MHC antigens them- 
selves. First there are two classes of MHC molecules, 
which are found in all species studied and are of quite 
different structure; these are termed class 1 and class 2 
antigens (reviewed In Reference 1). The class 1 mole- 
cules, the original transplantation antigens, consist of a 
single transmembrane MHC-encoded polymorphic chain 
of 40,000 to 45,000 m.w. associated with non-MHC- 
encoded ^-microglobulin chain. In the mouse, the class 
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1 molecules include the well-studied K and D- encoded 
molecules. The recognition of these class 1 molecules is 
generally correlated with T cells that have cytotoxic func- 
tion. The class 2 molecules consist of two MHC-encoded 
transmembrane chains of approximately 34,000 and 
28,000 m.w., termed a and 0-chains. These correspond 
to the I region molecules of the mouse, which Include the 
I-A and I-E region molecules. The recognition of class 2 
molecules is generally correlated with T cells that have 
helper or inducer function (1-4). Thus there Is a func- 
tional as well as chemical distinction between class 1 
and class 2 MHC molecules In their role as antigens 
recognized by T cells. 

Subsets of T cells have also been Identified by their 
expression of a series of surface markers termed Lyt in 
the mouse and Leu or OKT in the human. It was appre- 
ciated quite early that expression of these markers on T 
cells showed a good association with function. Thus, in 
the mouse, the subset of T cells expressing Lyt-1 , but not 
expressing Lyt-2, was found to contain the major fraction 
of helper activity, whereas that subset expressing Lyt-2 
contained most T cells capable of cytotoxic function (5). 
This pattern was later reproduced in studies on human 
T cells, which also yielded new and Important Insights. 
Human markers) were found that corresponded to Lyt-2 
called Leu 2 or OKT5/8 (6-8). By this time it had become 
appreciated that Lyt-1 In the mouse was not reciprocally 
expressed with Lyt-2; many functional T cells had the 
Lyt-l + 2 + phenotype (5, 8, 9), and all T cells expressed 
some Lyt-1 (9-11). In the human, however, a marker 
termed Leu-3 or OKT4 was found that did show good 
reciprocal expression with Leu-2 and did not have the 
molecular characteristics of Lyt-1 (7. 8). An exciting new 
dimension was added to the study of these molecules 
with the reports of Shlnohara and Sachs (12) and Naka- 
yama et at (13) that antibody to Lyt-2 had the unique 
ability to block most cytotoxic function. This conclusion 
was quickly confirmed by a number of other workers 
with monoclonal antibodies (MoAb) (14-16). Studies on 
the human T cell subsets confirmed this pattern because 
MoAb to Leu-2 blocked most allogeneic cytotoxicity (17, 
18). Most interestingly, in the human, antibody to Leu-3 
was able to block proliferation, a response usually asso- 
ciated with helper function (18). Recently we extended 
this observation to show that anti-Leu-2 blocks cytotoxic 
function and anti-Leu-3 blocks IL 2 production when 
human T cells respond to xenogeneic mouse stimulators 
(1 9). These studies and several of the details of the block- 
ing, which include the facts that blocking occurs during 
early events of cell interactions but not during subse- 
quent steps (20, 21), and that the lectins such as concan- 
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J _ ^ . . rtl _ ml> the Jackson Laboratory, Bar Harbor, ME, and from Dr. Donald 

avalin A (Con A) and phytohetnagglutlnln can overcome (Waahington University School of Medicine, St. Louis. MO), 

blocking (14, 22), fueled speculation that Lyt and Leu Determination of allohelp. Allohelp is operationally defined as 

molecules were active In T cell recognition. the striking ability of nUtoraycln-treated T cells tointemct with 

molecules were dcuvc ui x & ^ ^ . allogeneic T-depleted B cells to cause them to become antibody- 

The original descriptions of these Lyt and Leu mole- ^^f^^S^ stores. Mitomycin C-treated T cells syn- 

cules tended to suggest that they were markers associated ^ to B ^ virtually no help. The cultures are constructed 

with T cell function. Although there la a strong associa- as reported previously (23). Briefly :r cells are obtained i by nylon 

. *L ««h thpre is also a column passage and are mitomycin C-treated 25 *ig/5X 10 tl ceusj. 

turn between phenotype and function, there is , awo a coamm o ^ ned ^ 8pleen ^ 3 ^ MoAb to Thy-1.2 

correlation between Lyt/Leu phenotype and the class of g . c T ca ^ m titrated (5 x 10 8 to 1 x 10 4 ) into o.i-mi 

MHC molecule to which the T cells are directed. We first cultures containing 6 x 10 s B cells and 0.1% ^f 1 ^^ 3 ^ 

. . nftOQ , w , 1tv t h ot 1 vt nhenotvne showed a better erythrocytes (SRBC. Colorado Serums, Denver, CO). Direct ugM] 

raised the possibility tnat Lyt pnenoiype f no ^^ Sw^oriniitf cells (PPQ to SRBC are determined after 4 days of 

correlation with the class of MHC molecule recognized by I ^metrtemeai l s (± standard errors) of triplicate cultures 

the T cell than with T cell function in studies involving m dcterTn ined. All cells are cultured to RPM1 1 640 supplemented 

allogeneic responses to different MHC subreglons (9, 16, with penicillin, streptomycin, and glutamine with 5% selected fetal 

23). It was possible in the allogeneic situation to study bovine s^um^ ^ of t cells to MHC subreg^on differences 

the Lyt phenotype of allogeneic helpers specific for either ^ ^^p^hed m utrro as described (3 1 ). Briefly, 2.5 x lO 7 spleen 

Mass 1 or class 2 MHC antigens and of cytotoxic effectors ceUs of the responding strain are cultured with an equal number of 

^s^subregton spTcmclties. In aU of these sjtua- ^^^^^^^^^S- 

tlons. the expression of Lyt-2 was correlated with class guch priming resulta ta at Ieast a 10 . to 20-fold 

1 MHC recogntlion rather than with function (16. 23). lncreaS e to the specific response and loss of third party responses 

Finally we tested the ability of MoAb to Lyt-2 to block ana . Th y-i,2(FTO5)plueC.mitoray^ 

these subregion-specific responses, and again the block- and the supematanta are collected after 16 to 20 hr. ^p^nce 

Z - JLJfa-g** *- -5 KirtR5S*aass;WA3Sfs 

rather than with function (16). This set of phenomena fnm m NK ^ a/desenbed previously (32). Proliferation of cells 

was incomplete, however, because no reciprocal molecule ^ determined by incorporation of ""lodouridlne deojryribose added 

associated with class 2 MHC recognition was known and during the last 24 * * ■ «^ < 32 '' Resuits « pressed 

anUbodles directed to Lyt-1 did not block T cell responses M Mo^ C^ur^su^natants from in vitro cultured 

(14,16). hybridomas producing antibody to Lyt-2, L3T4, and LFA-1 (details 

Experiments In the human systems designed to study below) were added at the initiation of *e cultures 

the Nation of Leu expression as well as the ability of tftfi 

MoAb to Leu molecules to block function again conflrmea a]lohe|p cultureB ^ fTom 5 to l % for il 2 producUon. 

and extended the phenomena In the murine system. It MoAb. Anti-Thy-1.2 (F7D5) was a and gift <^ p Wl lai^The 

Zs found in several independent studies of human T ^ b ^^ 7 ^^^^tS^ 

cell lines that Leu-2 expression and the ability of antl- ^ culture Facility and was donated by Drs. Ledbetter and Heraen- 

Leu-2 to block was strongly associated with recognition be ^ The culture supernatants containing anti-L3T4 were obtained 

with recognition of class 2 HLA molecules (25-27). yna8 

The association of Lyt and Leu expression with MHC results 
subrefilon recognition and the unusual ability of MoAb to 

these structures to block T cell function are strong evl- Antt-Lyt-2 and anU-L3T4 reciprocally block aUoge- 
dence for some Involvement of these molecules to T cell- nelc help specific for class 1 and class 2 MHC antigens, 
MHC interaction, and further suggest that these mole- respectively. The effect of antl-Lyt-2 and and-L3T4 on 
cules mlfiht play a role In discriminating class 1 from allogeneic help specific for class 1 or class 2 MHC anti- 
class 2 JUHC molecules. gens was determined. T cells were taken from spleena .of 

Recently Dlalynas and colleagues (26. 28) developed a inbred mice and titrated Into cultures of T-depleted 

MoAb with specificity for murine T cell surface molecules spleen cells from allogeneic Inbred mice as a source ore 

that are reciprocally expressed with Lyt-2 and have the ce Us. Inbred strains were chosen that differed only in H- 

same gross biochemical characteristics In electrophoretic 2 K or H-2D (class 1) or at the I region (class 2). Anti-Lyt- 

analysis as Leu-3 or 0KT4 molecules in the human, with 2. antl-L3T4. or antl-LFA- 1 were included at various 

an apparent m.w. of 52.000. We report here that this concentrations In parallel cultures. In all cases, the auo- 

antl-L3T4 reagent blocks primary and secondary helper help was assessed by the number of PFC per culture tnat 

T cell responses to class 2 molecules but not to class 1 developed in 4 days to SRBC as antigen. The results of a 

molecules. These data and data (29, 30) obtained with representative example of such an experiment areUlus- 

hvbrtdomas and cell lines provide further evidence that trated in Figure 1 . In Figure la. B6 T cells were titrated 

L3T4 is the mouse equivalent of human Leu-3 and OKT4 against B cells of the B6.bml strain, which express a 

and gives added weight to the hypothesis that Lyt-2, mutant form of the K b molecule. This strain combination 

L3T4 and Leu-2. Leu-3 molecules play an important role gives a very strong allogeneic helper response even 

in T cell interaction with MHC molecules. though the difference in MHC Is restricted to class 1 

antigens alone. Culture supernatant containing MoAb to 

materials and methods Lyt-2 completely abrogated this response. In contrast. 

, culture supernatants containing MoAb to L3T4 had no 

Mice. All inbred mice were bred In our colony at me University of . . n 1 TJ f ppt on fl iw e nelc help. Antibody to LFA- 1 

Paiifnmta. S«> ntero. Orifltaal breeding nates were obtained from significant ellect on allogeneic nay- nuu. 3 
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Figure J. BJoeklng of MHC specific allohelp. a mltomycin-treated B8 
T cells were titrated at numbers Indicated Into triplicate cultures contain- 
ing 6 x 10 s B cells (T-deplcted spleen) from B6.bml mice. Cultures were 
set up with no addition (•): with 2% culture supernatant from the GK1 .5 
line (antl-L3T4j (A); with 2% culture supernatant from the 53.6.72 line 
(anti-Lyt-2) (A); or with 2% culture supernatant from the FD4418 line 
(antt-LFA- 1 J (O). Mean PFC per culture ± SEM are Indicated, b. mitomycin- 
treated Bl O.AQR T cells were titrated Into triplicate cultures of Bl 0.T(6K) 
B cells as in a. Die same additions were made as In a. 

TABLE I 

Reciprocal blocking of allohelp by MoAb to Lyt-2 and L3T4 





TCella 


B Cells 


MoAb 
Specificity 


PFC/Cultiire 


Class 1 -specific 










Expt. 1 




B6.bml 




2(1-2) 




B6 






203(181-227) 




+ 


+ 


L3T4 


271(228-323) 




+ 


+ 


Lyt-2 


24(20-28) 




+ 


+ 


LFA-1 


<2 


Expt 2 




B10.T(6R) 




<2 




B10.G 






83 (70-99) 




+ 




L3T4 


60(56-64) 




+ 


+ ■ 


Lyt-2 


9(4-19) 


Class 2 specific or whole haplotype 


Expt. 1 




B10JV9R 




. <2 




B10.T(6R) 


+ 




36(26-48) 




+ 


+ 


L3T4 


6(3-9) 




+ 


+ 


Lyt-2 


30(25-38) 


Expt 2 




BDF, 




4(2-11) 




B6 


+ 




1056(1024-1087) 








L3T4 


98(91-106) 




+ 


+ 


Lyt-2 


626(556-704) 




+ 




LFA-1 


3(2-5) 


Mb-speclfic 








Expt. 1 




Dl.LP 




149(120-184) 




B6 


+ 




614(442-853) 




+ 


+ 


L3T4 


43(35-57) 




+ 


+ 


Lyt-2 


791(711-880) 




+ 


+ 


LFA-1 


11(7-17) 



was also very effective In preventing a PFC response. In 
Figure lb, B10.T(6R) T cells were titrated against B cells 
from B10.A9R mice. These strains differ over the entire 
I region. Again a very strong allogeneic helper response 
was seen. In this case, however, the same preparations 
of MoAb had strikingly different effects. MoAb to Lyt-2 
had no effect on the response, whereas MoAb to L3T4 
completely blocked responsiveness. MoAb to LFA-1 also 
completely blocked the allogeneic help. Similar results 
were seen in three other experiments with the same 
strain combination. Results of some of these experiments 
are Included In Table I. 

Several more comments can be made. First, when other 
recombinant inbred strains of mice were used as T and 
B cell donors differing only at class 1 MHC. weaker 



allogeneic help was seen (see Table I) as reported previ- 
ously (23). However, the pattern of anti-Lyt-2 and not 
anti-L3T4 blocking was the same regardless of whether 
the response was a strong one (reflecting a high fre- 
quency of T cells specific for the K b mutant (33)) or a 
weaker one (reflecting the generally lower frequency of 
class 1 -specific allohelpers). As expected, the response to 
a whole MHC region was susceptible to anti-L3T4 and 
was largely resistant to anti-Lyt-2 (Table I). Although a 
40% lower response was seen in the cultures with anti- 
Lyt-2, this degree of blocking Is not reproducible over a 
large number of experiments (not shown, but note pre- 
vious results especially Reference 23). 

Ability oJanti-L3T4 to block class 2 but not class 1- 
spectfic allohelp. Table II shows a titration of anti-L3T4 
antibody into a response against class 2 MHC (B10.T(6R) 
T cells with B10.AQR B cells) and against class 1 MHC 
(B10.G to B10**T(6R)). It is clear that MoAb to L3T4 
showed specific blocking of T cells directed to class 2 
MHC over a broad range of doses. A slight inhibition of 
class 1 responses was seen with the addition of L3T4 
supernatants, but this sort of inhibition may reflect var- 
iation among triplicate cultures (which can be as much 
as twofold), and did not appear to increase with Increas- 
ingly larger doses of L3T4, suggesting it is nonspecific. 

Antt-Lyt-2 and antl-L3T4 reciprocally block IL 2 pro- 
duction by T cells primed and restlmulated in vitro 
with class 1 and class 2 differences, respectively. T 
cells were primed in vitro to either class 1 or class 2 MHC 
subregion differences. Such T cells showed a much en- 

TABLE n 

Ability of anti-L3T4 to block class 2, but not class 1, specific allohelp 



B Cells 



TCelto 



Addition 



PFC/Culture 



Bl 0.AQR B10.T(6R) 



B10.G 



B10.T(6R) 



None 
Anti-L3T4, 20% 
10% 
5% 
2% 

None 
Antl-L3T4, 20% 
10% 
5% 
2% 



1236 (170-1984) 
14(3-54) 
28(17-48) 
15(9-24) 
46(20-106) 
549(427-705) 
355 (315-400) 
331 (291-376) 
185(160-215) 
303(285-320) 
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Figure 2. Blocking of secondary class 1 or 2 MHfc-spedflc responses. 
a, in vitro primed B10.T(6RJT cells were restiinulaled In vitro with B10.G 
B cells. Cultures were incubated with indicated doses of supernatants 
from GK1.5 (anti-L3T4) (A); 53.6.72 (antl-Lyt-2) {Of, and FD4418 (anti- 
LFA-1) (A). Culture supernatants were collected after 18 hr and their 
enntmt of IL 2 was assayed by the ability of 17% of supernatant to cause 
the proliferation (A cpm per culture) of an IL 2-dependent line, b, condi- 
tions were Identical to a except that B10.T(6R) T cells were primed and 
r es t PTtu lattd with Bl O.AQR B cells. 
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hanced response to the priming MHC subreglon differ- 
ence and have lost most responsiveness to third party 
MHC antigens as detected both by their ability to give 
allohelp and by their production of the lymphokine IL 2 
in response to stimulation to the priming alloantigen (3 1 ). 
MoAb to Lyt-2 and L3T4 were included during the restinv 
ulation with T-depleted stimulators of the priming hap- 
lotype, and supernatants were collected after 18 to 24 hr 
and their IL 2 content was determined. It was previously 
shown that the presence of these MoAb did not affect the 
IL 2 assay (16), The results of a representative experiment 
are illustrated by Figure 2. The supernatants were all 
titrated in the IL 2 assay, but only the proliferation of the 
NK targets at 17% added supernatants is shown. Similar 
effects were seen at 50 and 6%. Production of IL 2 in 
response to class 1 MHC antigen (B1(XT(6R) against 
B10.G) in this case was blocked by MoAb to Lyt-2 but not 
to L3T4. In contrast, MoAb to Lyt-2 had no effect on the 
IL 2 production of T cells responding to class 2, whereas 
L3T4 was very effective at blocking in this situation. 
MoAb to LFA-1 blocked IL 2 production effectively in 
both situations. This result was found three times with 
these strain combinations. 

DISCUSSION 

The results in this report show clearly that MoAb to 
L3T4 and to Lyt-2 reciprocally block allohelp and lym- 
phokine production of normal bulk cultures of T cells 
specific for class 2 and class 1 MHC antigens, respec- 
tively. Previously. MoAb to L3T4 was reported to interact 
with a T cell surface molecule that Is expressed on normal 
T cells and in most T cell lines and hybridomas recipro- 
cally with Lyt-2 (28-30). The molecule precipitated by 
the antl-L3T4 has an apparent m.w. of 52,000 and be- 
haves similarly to Leu-3/OKT4 pn polyacrylamide gel 
electrophoresis (28). In addition, anti-L3T4 was found to 
block the class 2 MHOspecific cytolytic line A 15- 1.1 7 
(28. 30, 34). Thus there is good evidence that L3T4 is the 
murine homologue of Leu-3/OKT4, and furthermore, that 
the murine and human T cell surface markers might be 
involved in a similar fashion in interaction with class 2 
MHC molecules. 

The results In this paper* extend this picture to bulk 
populations of normal T cells. With the previously re- 
ported results indicating Lyt-2 blocking of class 1 directed 
response regardless of T cell function, and that human 
T cell lines specific for class 1 expressed and were 
blocked by antl-Leu-2. while lines specific for class 2 
expressed and were blocked by anti-Leu-3. a striking 
pattern emerges that is similar in mouse and man. In 
both species there are T cell surface molecules of similar 
structure strongly associated in a class-specific manner 
with recognition of MHC antigens. In both cases, some 

MoAb to these structures have the unique property of 

blocking the Interaction of T cells with antigen-present- 
ing cells or target cells at an early stage, which correlates 
temporally with recognition events. 

Furthermore, as we reported previously, the xenogeneic 
interactions that occur when human T cells recognize 
mouse MHC molecules are appropriately blocked by 
MoAb to Leu-2 and Leu-3 structures on such human T 
cells (19). 

In the studies in this report, the MoAb to LFA-1 con- 
sistently blocked all T cell responses, regardless of spec- 



ificity. This pattern of blocking is consistent with those 
reported for antl-LFA-1 by Springer and colleagues (35) 
and other investigators (36) (D. W. Lancki et oL, manu- 
script in preparation) and in marked contrast to the 
reciprocal blocking of anti-Lyt-2 and anti-L3T4, which 
depended on whether T cells were responding to class 1 
or class 2. It is important to note that antibodies to LFA- 
1 and the Lyt and Leu families of molecules are the only 
antibodies to T cell surface markers that have been found 
consistently to block function except for the recent re- 
ports of clone-specific MoAb, which appear to be directed 
to the antigen-specific portion(s) of the cell receptor (37, 
38), and antibodies to the human Leu-4/OKT3 molecule, 
which appear to be associated with the clonotyplc recep- 
tor (41). 

The impressive nature of the blocking we report In bulk 
cultures of T cells indicates that the vast majority of T 
cells taking part in the allogeneic help and lymphokine 
production In situ are susceptible to the blocking effects 
of the Lyt/Leu-specif ic MoAb, and imply that these struc- 
tures or something physically associated with them are 
required for the interaction of the T cell with MHC mole- 
cules. 

In the case of primed T cells and T cell clones, a number 
of investigators have described instances in which the 
appropriate MoAb has failed to block function, even 
though T cells of appropriate specificity were involved 
(21, 39). These observations put Important constraints 
on the interpretation of the findings outlined above. They 
suggest that the Interaction of Lyt/Leu molecules with 
MHC class-specific determinants is not always obliga- 
tory. In many cases these failures of blocking could be 
ascribed to interactions between T cell receptors and 
antigen, being of sufficient affinity to overcome blocking, 
as suggested by MacDonald and colleagues (21). Certainly 
there is considerable heterogeneity among T cell clones 
with respect to their susceptibility to blocking with anti- 
Lyt-2. MacDonald et oL. however, have also presented 
evidence that certain T cell clones specific for class 1 
molecules have no detectable expression of Lyt-2 (21). 
Because of the virtually complete suppression of normal 
bulk responses seen here and in our previous studies 
( 1 6), it seems that these T cells must be rare in unprtmed 
populations. We think the most feasible way to reconcile 
these findings Is to postulate that Lyt-2 and L3T4 mole- 
cules In the mouse and Leu-2 and Leu-3 molecules in the 
human do interact with MHC molecules of class 1 and 
class 2, but that this interaction Is not directly required 
for T cell triggering: instead it increases the relative 
avidity of the binding of the antigen-specific T cell recep- 
tor with specific antigen, Including polymorphic -restrict- 
ing" determinants on MHC. An analysis of spontaneously 
arising L3T4 loss valiants of cloned class 2 MHC-reactive 
T CCll uybridpinas is consistent with the model (P. Mar- 
rack et aL, manuscript in preparation). Similar concepts 
have been proposed in other reports by us (19. 40) and 
by MacDonald et al. (21), Reinherz et aL (41). and Biddi- 
son et at (27). 

The alternative explanation, made increasingly un- 
likely with the large amount of recent data showing a 
similar pattern of association of Lyt and Leu with recog- 
nition of MHC class in diverse systems, is that these T 
cell surface markers are not involved in interaction them- 
selves but are "spatially" associated with structures re- 
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quired In T cell function, or somehow give* negative sig- 
nals to the cell. Although such possibilities should not be 
dismissed, we believe that the specificity of these mole- 
cules for either class 1 or class 2 directed interactions, 
their impressive evolutionary conservation revealed by 
the striking similarities of the murine and human sys- 
tems, and the relative uniqueness of cell surface markers 
against which blocking antibodies can be raised, as well 
as the mechanistic data that indicate blocking occurs at 
the level of T cell interaction with other cells, provide a 
large amount of circumstantial evidence that the Lyt and 
Leu molecules are directly involved In interaction with 
MHC antigens. 
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MONOCLONAL ANTIBODY TO L3T4 BLOCKS THE FUNCTION OF T CELLS 
SPECIFIC FOR CLASS 2 MAJOR HISTOCOMPATIBILITY COMPLEX ANTIGENS 1 

SUSAN L. SWAIN,* DENO P. DIALYNAS.t FRANK W. FITCH,t and MICHELE ENGLISH* 

From the * Department of Biology. University of California. San Diego, La Jolla, CA 92093; and the t Department of 
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The ability of antibody to Lyt-2 and to the newly 
described L3T4 antigen to block the functions of 
helper T cells with specificity for allogeneic class 1 
or class 2 MHC subregion antigens was determined. 
Anti-Lyt-2 blocked both allohelp delivered by un- 
primed T cells and EL 2 production by primed T cells 
when the response was directed to class 1 MHC 
antigens, but had no effect when the response was 
directed to class 2 MHC or Mis antigens. Anti-L3T4 
had reciprocal activity, A control reagent, anti-LFA- 
1, blocked all responses tested regardless of speci- 
ficity. This and other reports provide strong evi- 
dence that L3T4 is the murine equivalent of the 
human T cell markers Leu 3/OKT4. The ability of 
antibodies directed against Lyt-2 and L3T4 to block 
T cell function in a fashion determined by the class 
of MHC antigen recognized by the T cell further 
supports the hypotheses that Lyt-2 and L3T4 mol- 
ecule in the mouse and Leu-2 and Leu-3 molecules 
in the human are involved in the interaction of the 
T cell with class-specific determinants on MHC mol- 
ecules. 

It has become clear tn the past decade that most, If not 
all, helper and cytotoxic T cells must recognize and inter* 
act with major histocompatibility complex (MHC) 3 mole- 
cules to function. This requirement Is reflected in non- 
MHC antigen-specific responses by the phenomenon of 
MHC restriction and In nonhomologous responses In the 
very large T cell response to allogeneic and and xenoge- 
neic MHC antigens. 

There are several striking features both of the T cell 
response to MHC antigens and of the MHC antigens them- 
selves. First there are two classes of MHC molecules, 
which are found in all species studied and are of quite 
different structure; these are termed class 1 and class 2 
antigens (reviewed In Reference 1). The class 1 mole- 
cules, the original transplantation antigens, consist of a 
single transmembrane MHC-encoded polymorphic chain 
of 40,000 to 45,000 m.w. associated with non-MHC- 
encoded /^-microglobulin chain. In the mouse, the class 
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1 molecules Include the well-studied K and D- encoded 
molecules. The recognition of these class 1 molecules is 
generally con-elated with T cells that have cytotoxic func- 
tion. The class 2 molecules consist of two MHC-encoded 
transmembrane chains of approximately 34,000 and 
28,000 m.w., termed a and ^-chains. These correspond 
to the I region molecules of the mouse, which include the 
I-A and I-E region molecules. The recognition of class 2 
molecules is generally correlated with T cells that have 
helper or Inducer function (1-4). Thus there Is a func- 
tional as well as chemical distinction between class 1 
and class 2 MHC molecules in their role as antigens 
recognized by T cells. 

Subsets of T cells have also been Identified by their 
expression of a series of surface markers termed Lyt in 
the mouse and Leu or OKT in the human. It was appre- 
ciated quite early that expression of these markers on T 
cells showed a good association with function. Thus, In 
the mouse, the subset of T cells expressing Lyt-1 , but not 
expressing Lyt-2, was found to contain the major fraction 
of helper activity, whereas that subset expressing Lyt-2 
contained most T cells capable of cytotoxic function (5). 
This pattern was later reproduced in studies on human 
T cells, which also yielded new and Important insights. 
Human markerfs) were found that corresponded to Lyt-2 
called Leu 2 or OKT5/8 (6-8). By this time it had become 
appreciated that Lyt-1 In the mouse was not reciprocally - 
expressed with Lyt-2; many functional T cells had the 
Lyt-l + 2 + phenotype (5, 8, 9), and all T cells expressed 
some Lyt-1 (9-H). In the human, however, a marker 
termed Leu-3 or OKT4 was found that did show good 
reciprocal expression with Leu-2 and did not have the 
molecular characteristics of Lyt-1 (7, 8). An exciting new 
dimension was added to the study of these molecules 
with the reports of Shinohara and Sachs (12) and Naka- 
yama et al (13) that antibody to Lyt-2 had the unique 
ability to block most cytotoxic function. This conclusion 
was quickly confirmed by a number of other workers 
with monoclonal antibodies (MoAb) (14-16). Studies on 
the human T cell subsets confirmed this pattern because 
MoAb to Leu-2 blocked most allogeneic cytotoxicity (17, 
18). Most interestingly, in the human, antibody to Leu-3 
was able to block proliferation, a response usually asso- 
ciated with helper function (18). Recently we extended 
this observation to show that anti-Leu-2 blocks cytotoxic 
function and anti-Leu -3 blocks IL 2 production when 
human T cells respond to xenogeneic mouse stimulators 
(1 9). These studies and several of the details of the block- 
ing, which Include the facts that blocking occurs during 
early events of cell interactions but not during subse- 
quent steps (20, 21), and that the lectins such as concan- 
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avalln A (Con A) and phytohemagglutlnln can overcome 
blocking (14, 22), fueled speculation that Lyt and Leu 
molecules were active In T cell recognition. 

The original descriptions of these Lyt and Leu mole- 
cules tended to suggest that they were markers associated 
with T cell function. Although there is a strong associa- 
tion between phenotype and function, there is also a 
correlation between Lyt/Leu phenotype and the class of 
MHC molecule to which the T cells are directed. We first 
raised the possibility that Lyt phenotype showed a better 
correlation with the class of MHC molecule recognized by 
the T cell than with T cell function in studies involving 
allogeneic responses to different MHC subreglons (9, 16, 
23). It was possible In the allogeneic situation to study 
the Lyt phenotype of allogeneic helpers specific for either 
class 1 or class 2 MHC antigens and of cytotoxic effectors 
with similar subregton specificities. In all of these situa- 
tions, the expression of Lyt-2 was correlated with class 
1 MHC recogntilon rather than with function (16, 23). 
These studies were later extended to include a T cell line 
with cytotoxic activity that was specific for class 2 (24). 
Finally we tested the ability of MoAb to Lyt-2 to block 
.these subregion-specific responses, and again the block- 
ing was correlated with recognition of class 1 molecules 
rather than with function (16). This set of phenomena 
was incomplete, however, because no reciprocal molecule 
associated with class 2 MHC recognition was known and 
antibodies directed to Lyt-1 ad not block T cell responses 
(14, 16). 

Experiments in the human systems designed to study 
the association of Leu expression as well as the ability of 
MoAb to Leu molecules to block function again confirmed 
and extended the phenomena In the murine system. It 
was found in several independent studies of human T 
cell lines that Leu-2 expression and the ability of anti- 
Leu-2 to block was strongly associated with recognition 
of class 1 HLA molecules, whereas Leu-3 expression and 
the ability of anti-Leu-3 to block was strongly associated 
with recognition of class 2 HLA molecules (25-27). 

The association of Lyt and Leu expression with MHC 
subreglon recognition and the unusual ability of MoAb to 
these structures to block T cell function are strong evi- 
dence for some involvement of these molecules in T cell- 
MHC Interaction, and further suggest that these mole- 
cules might play a role In discriminating class 1 from 
class 2 MHC molecules. 

Recently Dialynas and colleagues (26, 28) developed a 
MoAb with specificity for murine T cell surface molecules 
that are reciprocally expressed with Lyt-2 and have the 
same gross biochemical characteristics to electrophoretic 
analysis as Leu-3 or OKT4 molecules in the human, with 
an apparent m.w. of 52.000. We report here that this 
anti-L3T4 reagent blocks primary and secondary helper 
T cell responses to class 2 molecules but not to class 1 
molecules. These data and data (29, 30) obtained with 
hybridomas and cell lines provide further evidence that 
L3T4 is the mouse equivalent of human Leu-3 and OKT4 
and gives added weight to the hypothesis that Lyt-2, 
L3T4. and Leu-2, Leu-3 molecules play an important role 
in T cell interaction with MHC molecules. 

MATERIALS AND METHODS 

Mice. All inbred mice were bred In cur colony at the University of 
roufra-nia. .San metfo. Original breeding oatre were obtained from 



the Jackson Laboratory, Bar Harbor, ME, and from Dr. Donald 
Shreffler (Washington University School of Medicine, St. Louis. MO). 

Determination of aUohelp. AJlohelp is operationally defined as 
the striking ability of mitoiBycin-treated T cells to interact with 
allogeneic T-depleted D cells to cause them to become antibody- 
forming cells In in vitro cultures. Mitomycin C-treated T cells syn- 
geneic to B cells give virtually no help. The cultures are constructed 
Is reported previously (23). Briefly. T cells are obtained by nylon 
column passage and are mitomycin C-treated (25 *g/5 x 10 T cells). 
B cells are obtained by treating spleen cells with MoAb to Thy- 1.2 
(F7D5) plus C. T cells are titrated (5xl0°tolx 10 4 ) into 0.1 -ml 
cultures containing 6 X 10 5 B cells and 0.196 v/v selected sheep 
erythrocytes (SRBC. Colorado Serums, Denver, CO). Direct flgM) 
plaque-forming cells (PPC) to SRBC are determined after 4 days of 
culture. Geometric means (± standard errors) of triplicate cultures 
are determined. All cells are cultured to RPM1 1640 supplemented 
with penicillin, streptomycin, and glutamlne with 5% selected fetal 

bovine serum. ^ .„ 

In vitro priming. Priming of T cells to MHC subregLon differences 
is accomplished in vitro as described (31). Briefly, 2.5 X 10 7 spleen 
cells of the responding strain are cultured with an equal number of 
mitomycin C-treated cells of the stimulating strain in a total volume 
of 20 ml After 10 to 14 days, cultures are harvested and restimu- 
lated. Such priming typically results in at least a 10- to 20-fold 
increase in the specific response and loss of thtrd party responses 
(31) 

Determination qfIL2 production. The cultures described above 
containing primed T cells are cultured at 2.5 x lOVml with 5 x 10° 
/ml of anti-Thy-1.2 (F7D5) plus C, mitomycin C-treated stimulators, 
and the supematants are collected after 16 to 20 nr. The presence 
of IL 2 is detected by adding the supematants at concentrations 
from 50 to 1% to triplicate cultures of 5 x 10 s IL 2 -dependent T ceifc 
from an NK line, as described previously (32). Proliferation of cells 
was determined by incorporation of ,88 lodouridlne deoxyribose added 
during the last 24 hr of a 4&-hr culture (32). Results are expressed 
as the mean cpm of triplicate cultures. 

Blocking with MoAb. Culture supematants from In vitro cultured 
hybridomas producing antibody to Lyt-2, L3T4, and LFA-1 (details 
below) were added at the Initiation of the cultures of aUohdpers and 
B cells or at the initiation of cultures for the production of IL 2. 
Concentrations of such antibodies ranged from 20 to 2% for the 
allohelp cultures and from 5 to 1 % for IL 2 production. 

MoAb. Anti-Thy-1.2 (F7D5) was a kind gift of Phil Lake. The 
culture supematants containing anti-Lyt-2 1 were °b^^^ t ™ 
rat bybridoma 53.6.72. which was obtained from the Salk Institute 
Cell Culture Facility and was donated by Drs. Ledbetter and Herzen- 
berg The culture supematants containing anU-L3T4 were obtained 
from the GK1.5 hybridoma (30) and the culture supematants con- 
taining anti-LFA-1 were from the FD4418 hybridoma (22) of Dr. 
Dialynas. 

RESULTS 

Anti-Lyt-2 and anti-L3T4 reciprocally block alloge- 
neic help specific for class 1 and class 2 MHC antigens, 
respectively. The effect of anti-Lyt-2 and anti-L3T4 on 
allogeneic help specific for class 1 or class 2 MHC anti- 
gens was determined. T cells were taken from spleens of 
Inbred mice and titrated into cultures of T-depleted 
spleen cells from allogeneic inbred mice as a source of B 
cells. Inbred strains were chosen that differed only in H- 
2K or H-2D (class 1) or at the I region (class 2). Anti-Lyt- 
2, anti-L3T4, or anti-LFA-1 were included at various 
concentrations in parallel cultures. In all cases, the allo- 
help was assessed by the number of PFC per culture that 
developed in 4 days to SRBC as antigen. The results of a 
representative example of such an experiment are Illus- 
trated in Figure 1. In Figure la. B6 T cells were titrated 
against B cells of the B6.bml strain, which express a 
mutant form of the K b molecule. This strain combination 
gives a very strong allogeneic helper response even 
though the difference in MHC is restricted to class 1 
antigens alone. Culture supernatant containing MoAb to 
Lyt-2 completely abrogated this response. In contrast, 
culture supematants containing MoAb to L3T4 had no 
significant effect on allogeneic help. Antibody to LFA-1 
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Figure I. Blocking of MHC specific allohelp. cu mitomycin- treated B6 
T cells were titrated at numbers Indicated Into triplicate cultures contain- 
ing 6 x 10 8 B cells (T-deplcted spleen) from B6.bml mice. Cultures were 
set up with no addition (•); with 2% culture supernatant from the GK1 .5 
line (anti-L3T4j (A); with 2% culture supernatant from the 53.6.72 line 
(anti-Lyt-2) (AJ; or with 2% culture supernatant from the FD441B line 
(anti-LFA- 1 ) (O). Mean PFC per culture ± SEM are Indicated, b, mitomycin - 
treated Bl 0.AQR T cells were titrated Into triplicate cultures of B10.T(6R) 
B cells as in a. The same additions were made as In a. 

TABLE 1 

Reciprocal blocking of allohelp by MoAb to Lyt-2 and L3T4 





T Cells 


B Cells 


MoAb 
Spectftelty 


PFC/Cuhnre 


Class 1 -specific 










Expt. 1 




B6.brol 




2(1-2) 




B6 






203(161*227) 




+ 


+ 


LST4 


271 (228-323) 




+ 


+ 


Lyt-2 


24(20-28) 




+ 


+ 


LFA-1 


<2 


ExpL 2 




B10.T(6R) 




<2 




B10.O 


+ 




83 (70-99) 






+ 


L3T4 


60(56-64) 




+ 


+ 


Lyt-2 


9(4-19) 


Oasa 2 specific or whole haplotypc 




Expt. I 




B10AQR 




. <2 




B10.K6R) 


+ 




36(26-46) 




+ 


+ 


L3T4 


6(3-9) 




+ 


+ 


Lyt-2 


30(25-38) 


Expt 2 




BDP, 




4(2-11) 




B6 


+ 




1056(1024-1067) 




+ 


+ 


L3T4 


98(91-106) 






+ 


Lyt-2 


626(556-704) 




+ 




LFA-1 


3(2-5) 


Mto-spedfic 








Ezpt. 1 




D1.LP 




149(120-184) 




B6 


+ 




614(442-853) 




+ 


+ 


L3T4 


43(35-57) 




+ 


+ 


Lyt-2 


791(711-880) 




+ 


+ 


LFA-1 


11(7-17) 



was also very effective In preventing a PFC response. In 
Figure lb, B10.T(6R) T cells were titrated against B cells 
from B10.A9R mice. These strains differ over the entire 
I region. Again a very strong allogeneic helper response 
was seen. In this case, however, the same preparations 
of MoAb had strikingly different effects. MoAb to Lyt-2 
had no effect on the response, whereas MoAb to L3T4 
completely blocked responsiveness. MoAb to LFA-1 also 
completely blocked the allogeneic help. Similar results 
were seen In three other experiments with the same 
strain combination. Results of some of these experiments 
are included in Table I. 

Several more comments can be made. First, when other 
recombinant inbred strains of mice were used as T and 
B cell donors differing only at class 1 MHC, weaker 



allogeneic help was seen (see Table J] as reported previ- 
ously (23). However, the pattern of antl-Lyt-2 and not 
anti-L3T4 blocking was the same regardless of whether 
the response was a strong one (reflecting a high fre- 
quency of T cells specific for the K* mutant (33)) or a 
weaker one (reflecting the generally lower frequency of 
class 1 -specific allohelpers). As expected, the response to 
a whole MHC region was susceptible to anti-L3T4 and 
was largely resistant to antl-Lyt-2 (Table I). Although a 
40% lower response was seen in the cultures with anti- 
Lyt-2, this degree of blocking is not reproducible over a 
large number of experiments (not shown, but note pre- 
vious results especially Reference 23). 

Ability qfanti-L3T4 to block class 2 but not class J- 
speclflc allohelp. Table II shows a titration of anti-L3T4 
antibody into a response against class 2 MHC (B10.T(6R) 
T cells with B10.A9R B cells) and against class 1 MHC 
(B10.G to B10.T(6R)J. It is clear that MoAb to L3T4 
showed specific blocking of T cells directed to class 2 
MHC over a broad range of doses. A slight inhibition of 
class 1 responses was seen with the addition of L3T4 
supernatants, but this sort of Inhibition may reflect var- 
iation among triplicate cultures (which can be as much 
as twofold), and did not appear to increase with increas- 
ingly larger doses of L3T4, suggesting it is nonspecific. 

Antt-Lyt-2 and antt-L3T4 reciprocally block TL 2 pro- 
duction by T cells primed and restimulated in vitro 
with class 1 and class 2 differences, respectively. T 
cells were primed in vitro to either class 1 or class 2 MHC 
subrcgion differences. Such T cells showed a much en- 

TABLE n 

Ability qfanti-L3T4 to block class 2, but not class I, specific allohelp 



B Cells 



T Cells 



Addition 



PFCyCutture 



B10.AQR B10.T(6R) 



B10.G 



B10.T(6R) 



None 
Antl-L3T4, 20% 
10% 
5% 
2% 

None 
Antt-L3T4.20% 
10% 
5% 
2% 



1236 (170-1984) 
14(3-54) 
28(17-48) 
15(9-24) 
46(20-106) 
549(427-705) 
355 (315-400) 
331 (291-378) 
185(160-215) 
303(285-320) 
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Figure 2. Blocking of secondary class 1 or 2 MHC-spedflc responses, 
a, in vitro primed B 1 0.T(8RJ T cells were restixnulaled In vitro with Bl 0.C 
B cells. Cultures were Incubated with Indicated doses of supernatants 
from GK1.5 (antI-L3T4) (A); 53.6.72 (antt-Lyt-2) {py t and FD4418 (anti- 
LFA- 1) (A). Culture supernatants were collected after 18 bx and then- 
content cf H, 2 was assayed by the ability of 17% of supernatant to cause 
the proliferation (A cpm per culture) of an IL 2-dependent line, b, condi- 
tions were Identical to a except that B10.T(6R) T cells were primed and 
restimulated with Bl 0.AQR B cells. 
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hanced response to the priming MHC subreglon differ- 
ence and have lost most responsiveness to third party 
MHC antigens as detected both by their ability to give 
allohelp and by their production of the lymphoklne IL 2 
In response to stimulation to the priming alloantlgen (3 1 ). 
MoAb to Lyt-2 and L3T4 were included during the restim- 
ulation with T-depleted stimulators of the priming hap- 
lotype, and supernatants were collected after 18 to 24 br- 
and their IL 2 content was determined. It was previously 
shown that the presence of these MoAb did not affect the 
IL 2 assay ( 1 6). The results of a representative experiment 
are illustrated by Figure 2. The supernatants were all 
titrated in the EL 2 assay, but only the proliferation of the 
NK targets at 17% added supernatants is shown. Similar 
effects were seen at 50 and 6%. Production of IL 2 in 
response to class 1 MHC antigen (B1(XT(6R) against 
B10.G) In this case was blocked by MoAb to Lyt-2 but not 
to L3T4. In contrast. MoAb to Lyt-2 had no effect on the 
IL 2 production of T cells responding to class 2, whereas 
L3T4 was very effective at blocking in this situation. 
MoAb to LFA-1 blocked IL 2 production effectively in 
both situations. This result was found three times with 
these strain combinations. 

discussion 

The results in this report show clearly that MoAb to 
L3T4 and to Lyt-2 reciprocally block allohelp and lym- 
phoklne production of normal bulk cultures of T cells 
specific for class 2 and class 1 MHC antigens, respec- 
tively. Previously. MoAb to L3T4 was reported to interact 
with a T cell surface molecule that is expressed on normal 
T cells and in most T cell lines and hybridomas recipro- 
cally with Lyt-2 (28-30). The molecule precipitated by 
the antl-L3T4 has an apparent rn.w. of 52,000 and be- 
haves similarly to Leu-3/OKT4 pn polyacrylamide gel 
electrophoresis (28). In addition, antt-L3T4 was found to 
block the class 2 MHOspeciflc cytolytic line A15-1.17 
(28, 30. 34). Thus there is good evidence that L3T4 is the 
murine homologue of Leu-3/OKT4, and furthermore, that 
the murine and human T cell surface markers might be 
involved in a similar fashion in Interaction with class 2 
MHC molecules. 

The results In this paper* extend this picture to bulk 
populations of normal T cells. With the previously re- 
ported results indicating Lyt-2 blocking of class 1 directed 
response regardless of T cell function, and that human 
T cell lines specific for class 1 expressed and were 
blocked by antl-Leu-2. while lines specific for class 2 
expressed and were blocked by anti-Leu-3, a striking 
pattern emerges that is similar In mouse and man. In 
both species there are T cell surface molecules of similar 
structure strongly associated in a class-specific manner 
with recognition of MHC antigens. In both cases, some 
MoAb to these structures have the unique property of 

blocking the interaction of T cells with antigen-present- 
ing cells or target cells at an early stage, which correlates 
temporally with recognition events. 

Furthermore, as we reported previously, the xenogeneic 
interactions that occur when human T cells recognize 
mouse MHC molecules are appropriately blocked by 
MoAb to Leu-2 and Leu-3 structures on such human T 
cells (19). 

In the studies in this report, the MoAb to LFA-1 con- 
sistently blocked all T cell responses, regardless of spec- 



ificity. This pattern of blocking is consistent with those 
reported for anti-LFA-1 by Springer and colleagues (35) 
and other investigators (36) (D. W. Lancki et aL, manu- 
script in preparation) and In marked contrast to the 
reciprocal blocking of antl-Lyt-2 and antl-L3T4. which 
depended on whether T cells were responding to class 1 
or class 2. It is important to note that antibodies to LFA- 
1 and the Lyt and Leu families of molecules are the only 
anUbodles to T cell surface markers that have been found 
consistently to block function except for the recent re- 
ports of clone-specific MoAb. which appear to be directed 
to the antigen-specific portion(s) of the cell receptor (37. 
38), and antibodies to the human Leu-4/OKT3 molecule, 
which appear to be associated with the clonotypic recep- 
tor (41). 

The impressive nature of the blocking we report in bulk 
cultures of T cells Indicates that the vast majority of T 
cells taking part In the allogeneic help and lymphokine 
production In situ are susceptible to the blocking effects 
of the Lyt/Leu-specific MoAb, and Imply that these struc- 
tures or something physically associated with them are 
required for the interaction of the T cell with MHC mole- 
cules.' 

In the case of primed T cells and T cell clones, a number 
of investigators have described instances in which the 
appropriate MoAb has failed to block function, even 
though T cells of appropriate specificity were Involved 
(21, 39). These observations put important constraints 
on the interpretation of the findings outlined above. They 
suggest that the Interaction of Lyt/Leu molecules with 
MHC class-specific determinants is not always obliga- 
tory. In many cases these failures of blocking could be 
ascribed to Interactions between T ceU receptors and 
antigen, being of sufficient affinity to overcome blocking, 
as suggested by MacDonald and colleagues (21). Certainly 
there is considerable heterogeneity among T cell clones 
with respect to their susceptibility to blocking with anti- 
Lyt-2. MacDonald et aL, however, have also presented 
evidence that certain T cell clones specific for class 1 
molecules have no detectable expression of Lyt-2 (21). 
Because of the virtually complete suppression of normal 
bulk responses seen here and in our previous studies 
(16), it seems that tbese T cells must be rare in unprimed 
populations. We think the most feasible way to reconcile 
these findings is to postulate that Lyt-2 and L3T4 mole- 
cules in the mouse and Leu-2 and Leu-3 molecules in the 
human do interact with MHC molecules of class 1 and 
class 2. but that this interaction is not directly required 
for T cell triggering; Instead It increases the relative 
avidity of the binding of the antigen-specific T cell recep- 
tor with specific antigen, including polymorphic "restrict- 
ing- determinants on MHC. An analysis of spontaneously 
arising L3T4 loss variants of cloned class 2 MHC-reactlve 
T cell hybridomas is consistent with the model (P. Mar- 
rack et al % manuscript In preparation). Similar concepts 
have been proposed In other reports by us (19. 40) and 
by MacDonald et aL (21), Reinherz et aL (41). and Biddl- 
son et aL (27). 

The alternative explanation, made increasingly un- 
likely with the large amount of recent data showing a 
similar pattern of association of Lyt and Leu with recog- 
nition of MHC class in diverse systems, is that these T 
cell surface markers are not involved in interaction them- 
selves but are "spatially* associated with structures re- 
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quired In T cell function, or somehow give* negative sig- 
nals to the cell. Although such possibilities should not be 
dismissed, we believe that the specificity of these mole- 
cules for either class 1 or class 2 directed interactions, 
their impressive evolutionary conservation revealed by 
the striking similarities of the murine and human sys- 
tems, and the relative uniqueness of cell surface markers 
against which blocking antibodies can be raised, as well 
as the mechanistic data that indicate blocking occurs at 
the level of T cell interaction with other cells, provide a 
large amount of circumstantial evidence that the Lyt and 
Leu molecules are directly involved In Interaction with 
MHC antigens. 
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